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MONTANA DEPARTMENT OF FISH AND GAME
ENVIRONMENT AND INFORMATION DIVISION

JOB PROGRESS REPORT
RESEARCH PROJECT SEGMENT

State Montana Title Beartooth-Absarocka Widlife/Mining
Project Number FW-2-R-4 Research
Job Number 1-b Title Planning Inventory, Fisheries

Period Covered July 1, 1974 to June 30, 1975

ABSTRACT

Chemical and biological investigations were undertaken in streams draining an area
of south central Montana where mining development is expected. Water quality was generally
good. Waters are mostly soft and low in dissolved materials. Turbidity and suspended
solids remained lTow except for the snow melt period when values reached moderate levels,
Data on metals content of stream sediments are included.

Standing crops of stream bottom macroinvertebrates were variable, both in time and
locatjon. At most stations organisms considered sensitive to pollution were dominant,

Fish population estimates were made on 21 sections in 15 streams. Standing crops
were moderately low in larger streams, but moderately high in some brushy, meandering
tributaries. Estimates were made on 13 sections for two or three consecutive years.

Values were mostly similar from one year to the next. Fish tended to remain in
the same stream section from one year to the next. Fish growth was somewhat sltower than

state averages.

Survey electrofishing was done on stream sections where fish population estimates
were not made. Fish populations were lacking, except near the mouth, in most small
streams and in the upper reaches of almost all streams.

Limited data on fish stomach contents suggest fish cropped a wide variety of aquatic
organisms. Survival to hatching of trout eggs placed in artificial redds averaged 41,
83, and 81 percent in 1972, 1973, and 1974, respectively. Differences in water tempera-
ture probably caused the differential survivai. Limited data are given on spawning trout
and egg survival in the Goose Lake inlet stream. Acid mine drainage at the head of the
Stillwater River affects the river for several miles downstream.

BACKGROUND

Several thousand acres of mining claims are located along or near the north edge of
the Beartooth-Absaroka Mountain Range in south central Montana (Figures 1 and 2}. Exten-
" sive mining in this area seems 1ikely in the near future. Chemical and biological data
on waters draining the area were mostly lacking. The overall goal of protecting aguatic
resources was undertaken initially by chemical and biological surveys at stations both
upstream and downstream from mining claims. Although separated from the main block of
mining claims, information was also collected relative to mining claims bordering Goose
Lake and to acid mine drainage entering the Stillwater River near its head in the area

of Daisy Pass
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Stillwater River Drainage. Approximate
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atippled area.
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OBJECTIVES

Job objectives were to obtain the*following inféMmation at stations upstream and
downstream from the complex of mining claims:

Basic water quality data

Metal concentrations in stream sediment

Numbers per square foot and species present in stream bottom faupa samples
Fish population estimates and species distributions in streams

Metal concentrations in fish tissues

Information on organisms present in fish stomachs

Survival to hatching of trout eggs placed in artificial redds

Limited biological data related to acid mine drainage near the head of the
Stillwater River, and to mining claims near Goose Lake.
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PROCEDURES
This report includes data collected from the beginning of the project, July 1,
1971 to December 31, 1974, a period of 42 months, A future report will include the
remainder of the data. '

Sampling Stations

Sampling stations were established at points upstream and downstream from the
mining claims complex. Station locations are given in Table 1.

Water and Stream Sediment Quality Sampling

The sampling schedule:for general water quality parameters is given in Table 2.
Sampling dates for stream sediments and water sampies for part-per-billion level metal
analysis are shown in Tables 13 and 14.

Values for temperature, turbidity, pH, and dissolved oxygen were obtained in the
field. Temperature was measured with a pocket mercury thermometer. Turbidity and pH
were measured colorimetrically (Hack Chemical Co. field unit Model DR-EL). Dissolved
oxygen was measured by the Winkler method.

Other parameters were analyzed at the Montana Bureau of Mines and Geology laboratory
in Butte under contract agreement with the Montana Department of Fish and Game. Field
procedures used were suggested by laboratory personnel.

Water samples were collected in plastic botties after three rinsings with river
water at the sampling site. Bottles for non-metals analyses were filled to capacity
to prevent air contact. One percent (by volume) of concentrated nitric acid was added
in the field,to bottles of water for metals analysis. Water samnles for part-per-billion
level dissolved wmetals analysis were filtered in the field prior to acidification. Filter
pads of 0.45 micron pore size obtained from the Gelman Instrument Company were used for
filtration.

Streamn sediment samples for metals analysis were collected from the upper inch of
sandy or silty deposits at each station. Sediments were transported to the laboratory
in cloth bags. Prior to analysis in the laboratory samples were screened through material
of 100 meshes per inch (0.0059 inch opening size). Only materials passing through the
screening were retained for analysis.



Table 1. Location of water, stream sediment, bottom fauna, and egq bicassay stations.

Station

Number

001
002
003
004
005

006

007
008
009

010
gl
012
013
014

015
016

017
018
019
020
021

022
023
0z4
025
026
0z7
028
029
030
031
032

033

* . Township, Range, and Section

Stream

Fast Rosebud River
Fast Rosebud River
West Rosebud River
West Rosebud River
Stiliwater River

Stillwater River

W, Fork Stillwater
Fast Boulder River
Fast Boulder River

Boulder River
goulder River

Fast Fishtail Creek
West Fishtail Creek
Morris Creek

tittle Rocky Creek
Nye Creek

fnitial Creek
Cathedral Creek
Iron Creek
Picket Pin Creek
Lower Deer Creek

Upper Deer Creek
Fast Chippy Creek
Biakely Creek
Graham Creek

Great Falls Creek
Falls Creek

Fast Rasebud River
West Rosebud River
Fishtail Creek
Little Rocky Creek
Stillwater River

Stillwater River

River

T R S*
75 17E I
&S 18E 16
65 17t 28
65 17E 2
55 15E 32
55 15k 15
45 15E 33
35 13k 29
25 13E 33
45 128 i5
55 12E 13
55 17E 19
55 17E 19
65 18t 8
55 16E 21
55 15E 16
55 14t 14
59 14E 14
55 14E 12
55 14E 3
25 15E 20
2S 14E 12
45 128 i
45 12 25
45 12E 23
45 i2k 23
45 12E 23
55 18E 34
58 17E 23
55 17E 19
55 16k 3
45 16E 32
45 16E 28

Description

Adjacent to Jimmie Joe Campground

At bridge

At Pine Grove Campground

At bridge

West channel 200 yards upstream from
bridge at Woodbine Campground

West channel 1.4 road miles north of
the Mouat Miii

At bridge

At Anderson Springs resort

A4t Ewan Campground 200 yards upstream
from mouth

At Falls Creek Campground

At Flemming Bridge

At mouth

At mouth

200 yards downstream from MacKay Ranch
house

At road crossing near Little Rocky
Campground

At road crossing 100 yards upstream
frem mouth

At road crossing

At road crossing near mouth
Near mouth

At road cressing

At road crossing near National
houndary

At Rudd Cabin

At road crossing near mouth
At road crossing near mouth
At road crossing near mouth
At mouth

West channel at road crossing
At Roscoe Bridge

At bridge

At bridge

At crossing of Highway 419
At USGS station 200 yvards below mouth
of West Fork

At Moraine Fishing Access

Forest



Table T Continued.

®

Location of water, stream sediment, bottom fauna, and egg bioassay

* - Township, Range, and Section

stations.
Station
Number Stream T R S* Description

034 Stillwater River 4S 17k 18 At Midnight Canyon Bridge

035 Stillwater River 3S 18E 35 At Johnson Bridge

036 West Fork Stillwater 45 16E 31 At Nye Bridge, south channel

037 West Fork Stillwater 55 14E 14 At Initial Creek campground

038 East Boulder River 55 13E 1 0.5 miles upstream from road crossing

039 Boulder River 2S 13E 33 At Ewan Campground 50 yards downstream
from bridge

040 Boulder River 25 13E 1 At bridge

041 West Boulder River 25 13E 15 At McLeod Bridge

042 Silver Creek 55 15E 15 At crossing of Highway 419

043 Verdigris Creek 5§ 15k 28 At crossing of Highway 419

044 Mountain View Creek 55 158 21 At Crossing of Highway 419

045 Fishtail Creek 55 17E 9 At bridge 100 yards upstream from
mouth of Sheep Creek

046 East Rosebud River 55 18E 15 At bridge

047 South Nye Creek 63 15E 15 At trail crossing 200 yards upstream
from mouth

048 Crescent Creek 5S T4E 29 At trail crossing near mouth

049 Fast Rosebud River 6S 18E 30 1 road mile downstream from TO Bear
Ranch buildings

050 Boulder River 45 12E 25 At Clydehurst Ranch buildings

051 Forge Creek 58 13k 2 At road crossings near mouth

053 Brownlee Creek 4s 13E 27 At mouth

054 West Fork Stillwater River 5S T4E 30 Near mouth of Lightning Creek

055 Verdigris Creek 55 15E 20 At wood culvert

058 Woodbine Creek 55 15E 32 200 yards upstream from mouth

060 Brownlee Creek 55 14E 15 50 feet below headwaters confluence



Months when water quality stations were sampied for general paramenters.
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Table 13. Total and dissoived concentrations (parts-per-biilicn) of
metals for samples collected at eleven stations in 1973.

Collection COPPER LEAD NICKEL CADMIUM
Date Total Dis. Total Dis. Total Dis, Total Dis.

Fast Rosebud River-Station 001-Jimmie Joe Campground

March 7 1 <5 5 21 <5 <1 4!
May 3 1 10 <5 5 <5 < <1
July 42 (2 {5 5 <5 <5 <1 <
August 2 2 <5 <5 <5 <5 <1 <1
September 4 3 5 ¢ 4 ~1 <1 {1
EFast Rosebud River-Station 002-At Bridge
March 7 1 5 5 11 <5 1 1
May 6 1 6 <5 12 <5 <1 <1
July 6 6 <5 <5 <5 <5 (] {1
August <2 & <5 (5 {5 <5 {1 <1
September 3 2 10 < 3 ? <1 Q
West Rosebud River-Station 003-Pine Grove Campground
March 5 1 5 5 24 <5 <1 4
May 5 {1 <5 <5 5 5 a1 g
July 2 2 <5 5 {5 <5 < <1
August {2 <2 <5 {5 <5 <5 a <1
September 3 3 7 3 5 <1 ] <1

West Rosebud River-Station 004-First Bridge Below Pine Grove Campground

March 19 1 ~5 <5 11 5 <1 1
May g 1 5 5 {5 {5 <1 (1
July 6 4 N & <5 <5 <1 <1
August {2 2 5 5 <5 5 <1 {1
September 9 2 9 1 6 2 <1 <1

Stillwater River-Station 005-Woodbine Campground

March 4 2 <5 & 15 <5 <1 <1
May 17 3 <5 35 (K <5 <1 <1
July {2 {2 5 5 <5 <5 <1 <1
August 3 3 <5 <5 "5 <5 I <1
September 4 4 12 <1 4 2 {1 <1
October 3 1 4 3 <1 <1 <1 <1



Table 13 continued. Total and dissolved concentrations (parts-per billion) of
metals for samples collected at eleven stations in 1973.

Collection COPPER LEAD MICKEL CADMI UM
date Total Dis. Total Dis. Total Dis. Total fis,

Stillwater River-Station 0056-1.4 miles Below Mouat Mill

March 3 3 <5 <5 16 <5 <1 <1
May 6 3 <5 8 7 7 < <1
July 7 {2 {5 <5 <5 <5 <1 <1
August 4 2 <5 ~5 <5 <5 {1 <
September 3 3 5 <1 6 2 <1 <1
October 5 {1 5 2 <1 <1 <1 {1
Wwest Fork Stillwater River-Station 007-Henry Grant's Cabin Bridge
March 2 2 5 5 9 <5 {1 <
May 3 1 G5 <5 20 <5 <1 <1
July 4 {2 <5 5 <5 <5 <1 <1
August 2 2 <5 <5 <5 <5 {1 <1
September 4 3 3 <1 < 1@ 2a a <1
October 4 <1 11 3 <1 {1 1 <1
East Boulder River-Station 038-Placer Basin
September 4 3 5 2 <14 28 <1 <1
October 3 1 5 4 <1 {1 <1 <1
Fast Boulder River-Station 008-Anderson Springs
March 4 2 <5 5 23 <5 «1 <
May 26 <1 <5 <5 23 5 1 N
July 2 2 <5 <5 {5 <5 < {1
August 5 3 <5 5 <5 5 d <1
September 2 2 8 3 ai <1 <1 ~1
October 4 2 11 5 vl 1 d 1
Boulder River-Station 010-Falls Creek Campground
March 6 1 <5 <5 9 5 < 1
May 4 <1 5 <5 <5 <5 <1 <1
July 3 2 5 <5 10 5 {1 <1
August Vi @ <5 <5 7 5 <1 <1
September 2 2 8 <1 1 <1 <1 1
October 4 ¢! 4 Va <1 ! <1 <1

a-Frror of unknown source



Table 13 continued. Total and dissclved concentrations (parts-per biilion) of
metals for sampies collected at eleven stations in 1973.

Collection COPPER L.EAD NICKEL CADMIUM
date Total Dis, Total Dis. Total Dis. Total Dis.

Boulder River-Station 0ll-Fleming Bridge

March 18 2 9 7 18 <5 < <
May 2 1 G 35 5 {5 a1 a
July 2 2 <5 5 <5 5 1 <1
August 2 2 {5 5 <5 <5 {1 <1
September 2 1 4 <1 {1 <1 3 1
October 2 1 5 3 <1 <1 <1 <




Table 14. Concentration {parts-per million) of metals in stream sediments, 1973-74°%

Collection
dateb Copper Nickel Lead Cadmium Zinc Tron (X10%)

tast Rosebud River-Station 001

March, 1973 19 30 15 1 27 15
May, 1973 20 32 16 <1 34 15
July, 1973 24 35 19 i 57 29
August, 1973 20 31 19 <1 36 26
September, 1973 27 35 32 <1 39 33
Range-all samples 13-39.5 21-52.5 15-57 <1-1 27-99.5 15-40
East Rosebud River-Station 002
March, 1973 20 31 21 1 33 15
May, 1973 12 21 22 {1 30 14
July, 1973 13 24 i3 1 34 20
August, 1973 11 22 15 1 33 21
September, 1973 18 36 13 <1 48 26
Range-all samples 11-24 19.5-46 9-22 -1 28-55 13-32
West Rosebud River-Station 003
March, 1973 9 18 12 1 18 12
May, 1973 9 20 13 <1 22 g
July, 1973 g9 20 50 1 29 18
August, 1973 10 19 15 41 32 17
September, 1973 12 29 12 <1 57 18
Range-all samples 7-16.5 16.5-42 11.5-76 <1-1 18-107.5 9-22
West Rosebud River-Station 004
March, 1973 9 13 17 <1 18 12
May, 1973 g 16 16 <1 29 11
July, 1973 10 16 13 1 26 19
August, 1973 10 15 14 <1 38 21
September, 1973 8 16 12 <1 30 21
Range-all samples 5.5-13 10-18.5 10-17.5 <1-1 17.5-47 11-23

a-Fractions of field samples passing through 100 mesh per inch screening were
retained for analysis.

b-Values for March and May, 1973 are for single samples; the remainder are average
for three samples,

- 10 -



Table 14 continued. Concentration {(parts-per-million} of metals in stream

sediments, 1973-74%.

Nickel

Lead

Stillwater River-Station 005

Co¥]ec%jon
date Copper

March, 1973 72
May, 1973 65
July, 1973 48
August, 1973 65
September, 1973 56
Qctober, 1973 22

Range-all samples 12.5-87

18 18

20 21

16 25

15 18

14 12

48 42
11-61 9.5-48.5

Cadmium

1
<1
L1
<1
1
<1

1-1

Zinc

36
46
40
55
36
48
24-71

a-Fractions of field samples passing through 100 mesh per inch screening were

retained for analysis.

b-Values for March and May, 1973 are for single samples; the remainder are for

three samples.

- 11 -
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Table 14 continued. Concentration {parts-per million) of metals in stream
sediments, 1973-742.

Collection 3

date COPPER MICKEL LEAD CADMIUM ZINC TRON(X10°)
Stillwater River-Station 006

March, 1973 46 209 19 1 20 15

May, 1973 62 197 20 <1 34 17

July, 1973 101 107 18 2 59 27

August, 1973 70 196 20 1+ 50 30

September, 1973 63 209 11 <1 30 28

October, 1973 20 35 52 <1 106 27

Range-all sampies 17-110 25.5-330  9.5-57 <1-3.0 20-124.5 15-36

West Fork Stillwater River-Station 054

May, 1974 49 72 28 | 54 40
July, 1973 63 77 21 <d 54 41
September, 1974 55 84 16 1 46 40
October, 1974 43 70 16 1 47 39

Range-all samples 36-70.5 87.5-59 13.5-36.5 0.5-1.5 43.5-65.0 37.6-44.5

west Fork Stillwater River-Station 007

March, 1973 a0 85 20 1 27 16
May, 1973 31 68 20 {1 30 18
July, 1973 37 78 16 1.5 34 35
August, 1973 36 77 18 1.4 36 36
September, 1973 97 123 14 {1 104 34
October, 1973 37 91 28 N 36 32
Range-all samples 28-212 60-193 12-31 {1-1.9  25.5-254.5 16-38

fast Boulder River-Station 038

September, 1973 48 138 17 1 63 651
October, 1973 50 146 38 1.1 77 66
July, 1974 62 141 25 1.5 87 68
September, 1974 45 133 23 1 61 59
October, 1974 50 157 26 1.8 71 75
Range-all samples 41.5-6% 130-168.5 16-5% 1-2 49.5-94,0 53.8-77.6
Fast Boulder River-Station 061
July, 1974 51 84 21 1 40 43
September, 1974 38 79 19 1 34 44
October, 1974 35 71 20 1.5 56 44

Range-all samples 34-55.5 58.5-86  15.5-22.5 {1-1.5 28.5-72  31.8-45.7

- 12 -



Table 14 continued.

Concentration {parts-per million} of metals in stream

sediments, 1973-74%

Coiiec%}on
__date”

May, 1974

July, 1974
September, 1974
October, 1974
Range-ali samples

May, 1974
July, 1974
Range-all samples

May, 1974
July, 1974
Range-all samples

July, 1974
September, 1974
October, 1974
Range-all samples

July, 1974

August, 1974
October, 1974
Range-all samples

July, 1974
August, 1974
September, 1974
October, 1974
Range-all samples

COPPER NICKEL LEAD CADMIUM ZINC
Blakely Creek-Station 024
65 177 32 i 35
69 159 23 <1 35
68 i6l 24 1 26
71 176 27 1.2 20
62.5-75 140-196 19-41 0.5-1.5 16-39
Graham Creek-Station 025
66 640 29 {1 65
71 625 31 1 57
65-74 560-705 25-38 0.5-1 43-81
Crescent Creek-Station 048
155 470 21 {1 67
233 501 22 1 74
155-235 350-520 19,5-23  1-1 654 .5-79
Forge Creek-Station 0b1
143 262 16 1 59
145 289 z4a pd 53
148 351 20 2 59
120-168 234-430 i2-31.5 1-2.5 43-70
Brownlee Creek-Station 053
75 137 25 1 55
114 145 37 i 53
59 137 24 i 40
49-166 128-153 21.5-43.56 i-1.5 37-57
Brownlee Creek-Station 0E0
93 246 23 1 54
84 210 28 1 66
77 210 24 i 49
76 227 21 z 51
72.5-112.5 189.5-309.5 18.5-29.5 1-2 34-67.5

i -

IRON(X103)

37
43

40
28-48

57
52-63

63
55
47266

34
36

28-41

40
38
45

36-48



Table 14 continued.

Concentration (parts-per million) of metals in stream

sediments, 1973-748.

Ceiﬁec%fon
__date

March, 1973

May, 1973

July, 1973
August, 1973
September, 1973
October,1973
Range-all samples

March, 1973

May, 1973

July, 1973
Auqust, 1973
September, 1973
October, 1973
Range-all samples

March, 1973

May, 1973

July, 1973
August, 1973
September, 1973
October, 1973
Range-all samples

May, 1974
July,1974
September, 1974
October, 1974
Range-all samples

COPPER

NICKEL

LEAD

CADMI UM

East Boulder River-Station 008

46 78 20 1
33 70 26 <1
41 76 20 1.7
36 76 28 1.5
36 74 17 1.3
38 80 34 J1
31-46.5 58-96 14-36 {1-2.0
Boulder River-Station 011
21 40 14 H
26 45 25 <1
17 27 15 1.3
17 30 20 1.1
17 27 12 1.1
72 101 28 +1
13.5-81 23.5-143 §-32.5 {1-2.0
Boulder River-Station 010
25 57 19 1
24 54 20 <1
20 44 14 1
19 40 19 1
27 49 13 1
126 46 i 4 {1
20-132.5 36-8% 10.5-64 <1-1.3
iron Creek-Station 019
45 109 z5 1
43 113 24 J1
45 116 20 1
39 111 36 1
36.5-55 102-126.5 17-72 {1-1.5

- 14 -

ZINC

47
25.5-54

20~72.5

29-141.5

48

44

37

23
21.5-49

IRON(X103)

16
20
31
32
31
33
16-38

18
29
34
35
34
35
18-43

18
30
45
39
38
41
18-50

31
31
27
29
26-37



Table 14 continued. Concentration (partg-per miliion) of metals in stream
sediments, 1973-74%.

Celiecg€0ﬂ

date COPPER NICKEL LEAD CADMIUM ZINC IRON§X103)
Picket Pin Creek-Station 020

May, 1974 57 78 29 1 99 29

July, 1974 53 76 59 1.5 53 22

September, 1974 50 71 23 1 65 26

October, 1974 55 85 246 1 43 27

Range-all sampies 44-65 62.5-89.5 19-79.5 1-2 20.5-105  19-30




Stream Bottom Macroinvertebrates

Bottom macroinvertebrates were sampled with a square foot sampler slightly modified
from that described by Waters and Knapp {1961). One riffle sample per station was
collected in August or October 1970 and in April 1971, Three samples per station were
collected at later sampling dates.

Various non-riffle habitat types were sampled with a Needham hand screen to collect
species not present in riffle samples. These samples were collected in May and November
1972 from stations on major streams and in August from tributary streams.

Samples were preserved in the field in 10 percent formalin and sorted to order
(insects) or other taxonomic group for non-insect organisms at the Department of Fish
and Game laboratory in Helena. The number and volume of organisms were obtained for each
taxonomic group in each sample. A1l organisms were preserved for possible future identi~
fication to taxa.

Fish Studies

Population estimates were made using methods similar to those described by Vincent
(1971). A computer program was used to make the required calculations. The basic
technique involves capturing fish by electrofishing in a stream section and marking them
in a manner recognizable at a future date, e.g. fin clip. Several days later fish are
again captured in the stream section, noting whether or not each fish is marked, Fish
in each stream section were given a distinctive mark each year (fins removed are shown
in Table 13). They were aged from scale impressions. Fish were weighed to the nearest
0.01 pound and total lengths were taken to the nearest 0.1 inch.

Fish stomachs and fish for metals analysis were collected during the last recapture
vun with the exception of section F-17 on the West Fork Stillwater River, Fish for
metals analysis were collected September 1973 from this section., Fish stomachs were
preserved in formalin and stomach contents were jdentified to order. Fish collected
for metals analysis were frozen the day of collection and later shipped on dry ice by
air freight to the Environmental Protection Agency in Denver, Colorado where the analysis
was performed.

Egg Bioassays

Fggs were buried in artificial redds to determine survival rates during the
incubation period., Redds were built by excavating the stream bottom in riffle areas to
a depth of 12 to 14 inches, leaving a semi-spherical depression approximately 2.5 {eet
in diameter. This was filled with clean gravel averaging 0.84 inches in diameter.! Redds
were allowed to settle and stabilize at least two weeks before egg placement.

Eyed cutthroat trout eggs were obtained from the Montana Department of Fish and Game
Yellowstone River Trout Hatchery at Big Timber for egg biocassays in 1972. For 1973 and
1974 bioassays eyed rainbow trout eggs were obtained from Ennis National Fish Hatchery at
Fnnis. On both occasions eggs were placed in trays, covered with crushed ice, and placed
in artificial redds the same day they were taken from the hatcheries.

Two different types of egg containers, both constructed to retain fry after hatching,
were used to contain eggs in redds. A few eggs were placed in small perforated vials
which were removed periodically to determine when hatching had occurred.

1/ Diameters measured on gravel used in 1973, Gravel used in 1972 and 1974 was of similar
size.

- 16 -



Three containers made of plastic screening were filled with 100 eqgs each and buried
four to six inches deep in each redd., Gravel chips were placed in the screen containers
in 1973 and 1974, but not in 1972. The redd at station 007, 1973, was not stable. Most
of the gravel washed away between the time the redd was constructed and the day of egg
placement, As an emergency measure the screen containers were placed on what 1ittle
remained of the gravel from which the redd had been buiit and Targe {two to four inch)}
gravel was collected from the stream bank and placed over the containers,

After hatching the screen containers were removed and the number of fry were
counted,

Stiliwater River Headwaters Area

Fish were seined from the Goose Lake inlet stream in July, 1972. Fish eggs were
removed from natural redds by loosening the gravel with a shovel. A hand screen was
held downstream from the redd to capture eggs removed. Other procedures in this area
were with methods and equipment previously described.

FINDINGS

General Chemical Water Quaiity

Data for general water quality parameters are shown in Tables 3 through 9. Locations
of sampiing stations are given in Table 1. Stream locations are indicated in Figures 1

and 2.

Waters are of the calcium bicarbonate type (typical of fresh water), very soft to
moderately hard, and generally Tow in dissolved material. A few streams have moderate
levels of dissolved materials, these are: Silver Creek (spring source}, Upper and Lower
Deer Creeks, and the lower reaches of the East Boulder River, In general, human activities
have probably modified water quality very Tittle. Verdigris Creek (Stillwater River
tributary) is an exception.

At station 043, near the mouth of Verdigris {reek, nickel and copper were as high
as 0.59 and 0.14 mg/liter, respectively (Table 5}, However, at station 055, which is
approximately one mile upstream, these metals were below detection Timits for all samples
(Table 5). Between these two stations the stream passes through a gossan (area of de-
composed rock of rusty color due to oxidized metal pyrites). One water sample was taken
from a spring that emerges from the base of the gossan and enters Verdigris Creek. In
this sampie nickel and copper values were 0,68 and 0,31 mg/1 respectively. The gossan
and probably this spring contribute the greatly elevated amounis of metals found in
Verdigris Creek near its mouth. This is not 2 natural chemical i1 inn, bui a res
of natural and unnatural causes. (ne gossen s ble dist
bance from road building. At any rate, water gua
from the gossan.

ciFnatian

EE
b

H
cye

Ui
¥
‘s cood upstrean

Both Nye and South Nye Creeks are fiiled with mill tailings which have biown in from
the Mouat tailings pond located a few hundred yards upstream. This has had no obvious
effect on water chemistry in these two streams, but the natural stream bottoms have begn
almost completely destroyed in the Tower 0.5 to 0.75 miles of these streams.

Tables 3 through 9 indicate discrepancies between field and iaboratory pH measurements
of 1.0 to 2.0 units. Laboratory values were always lower. Laboratory measurements were
made one to two months following sample collection, while field pH was measured with a Tew
minutes after sample collection. To find out which set of pH vaiues was correct, & simul-
taneous comparison of laboratory and Tield pH meters was made on water that had been
collected the day before {Table 106). Samples were collected January 24, 1973 and measurements

17



Table 5. Summarization of water quality data for stations on Stillwater River tributaries,

1972 - 1973.2
Littlie Rocky Creek Nye Creek
Station 015P Station 0160

Mean Max., Min. Mean Max. Min.
Ca 14.30 18.20 11.20 3.40 10,40 8,70
Mg 4,50 5.60 3.70 7.60 7.70 7.50
Na 1.90 2,40 1.50 2.00 2,20 1.80
K 0.50 0.60 0.38 0.45 0.60 0.3]
10, 10.50 12.80 8.70 17.00 18.00 16.00
HCO3 67.00 80.00 54,00 67.00 69,00 64,00
03 0.00 0.00 0.00 0.00 0.00 0.00
OH 0.00 0.00 0.00 0.00 0.00 0.00
1 0.20 0.40 0.00 0.10 0.10 0.10
504 4.80 7.90 2,00 6.90 7.90 6.40
O3 0.40 0.70 0,00 0.70 1.00 0.00
F .00 0.00 0.00 0.00 0.00 0.00
pH (1ab) 6.73 6.77 6.69 6.97 7.16 6.78
pH {field) 8.30 8.50 8.10 8.50 8.50 8.40
FoO 41.00 54,00 32,00 42.00 51,00 32.00
Dis. Sot, 103.90 128,60 86,30 111,20 115.10 105.10
Hard, 55,00 68.00 44,00 56.00 57.00 53.00
Alk. 55.00 66.00 44,00 55.00 57.00 52.00
p. 0. 10.60 12.90 8.20 10.40 12,10 9,20
JTU 2.00 7.00 0.00 2.00 5.00 0.00
Zn 0.01 0.01 <0.01 £0.01 0.01 <0.01
Cd £0.01 £0.01 £0.01 £0.0] 0.0 <0.01
Cu <0.01 £0,01 Q.01 <0.07 0,01 <0.01
Wi {0,027 0,02 0,02 0,02 .02 {0.02
Fe 0.05 0.11 0.00 0.2 0.53 0,00
Mn 0.00 0.01 0.00 0.00 0.01 0.00

-~ Units are milligrams per Titer except as indicated

- Three samples except for Tab pH which 1s two.

- Two samples

Two samples except for lab pH which is one.

- Seven samples except six each for cadmium, nickel, copper and zinc.

- Four samples except three each for cadmium, nickel, copper, zinc, and {emperature.
- Two samples except silica, which is one,

R W N oRE e Bk e =Y
H
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Table 5 Continued. Summarization of water quality data for stations on Stillwater River
tyibutaries, 1972 - 1973,

Silver Creek Mountain View Creek South Nye Creek
Station 042 Station 044d Statjon 047¢

Max, Min, Max. Min, Max, Min,

Ca 50,00 49,00 17.40 15.00 17.90 3.80
Mg 18.00 17.80 17.90 i2.20 9.80 6.80
Na 2.30 1.90 4,00 2,90 3.50 1.30
K 0.70 0.59 0,70 0.70 (.52 (.46
Si0p 12.80 &.60 17,10 16.00 18.50 16.00
HCO3 147 .00 143.00 136.00 102.00 101.00 58.00
€03 N.00 0.090 0.00 0.00 0.00 0.00
OH G6.00 0.00 0.00 0.00 0.00 0.00
c1 0.40 0.10 2.00 0.00 0.80 0.50
S04 74.00 74,00 11.00 7.20 9,00 4,80
NO3 0.90 0.20 2.20 0.30 0.80 0.00
F 0.20 0,00 0.00 0.00 0.6G0 (.00
pH {1ab) 8.47 7.28 7.00 e 7.64 7.26
pH (field) 8.60 8.60 8.50 8,50 8.40 8.40
Fo 60.00 50.00 52.00 36.00 49,00 37.00
Dis. Soi. 304.50 300.60 208.80 157.00 163,10 97.80
Hard, 199,00 195.00 118.00 88.00 85.00 50,00
Alk, 126.00 121.00 112.00 84.00 83.00 48,00
D. 0. 9,60 8.60 11.20 9.00 10.80 9,70
JTU 0.00 0.00 10.00 0.00 12.00 5,00
In 0.01 0.01 0.01 G.01 0.01 0.01
Cd {0.01 0,01 £0.01 <0.01 <B.M 0.01
Cu Q.01 0. 01 <0.01 .01 0.0 <0.01
Ni 6,02 £0,02 .02 0.02 0.02 <0.02
Fe 0.04 0.03 0.21 0.16 1.28 0.08
Mn 0.01 0.00 0.00 (.00 0.03 0.00
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Table 5 Continued. Summarization of water quality data for station on Stillwater River
tributaries, 1972 - 1973.%

Verdigris Creek Verdigris {reek Woodbine Creek
Station 043 Statign (b6b Station 058
Mean Max. Min. Mean Max, Min, Max, Min.
Ca 7.99 11.30 3.40 4.50 6.60 2.30 3.1 2.60
Mg 10.90 16.00 4,30 4,50 5.60 2.70 1.10 0.50
Na 2.30 3.00 1.50 1.80 2.00 1.40 1.20 1.00
K 0.70 1.10 0.50 0.60 0.70 0.40 0.60 0.50
5105 13.80 16.G0 11.00 11.20 13.50 9.80 6.00 -
HCO7 38.00 48.00 21,00 35.00 42,00 25.00 11.00 11.00
€03 0.00 0.00 0.00 G.00 0.00 0.G0 0.00 0.00
OH .00 0.00 0.00 (.00 0.00 0.00 0,00 0.00
¢l 1.10 3.30 0.10 0.20 0.40 0.00 0,20 0.10
SGq 36.70 61.60 7.20 3.40 4,40 2.40 3.00 2.90
NO3 0.50 1.00 0.00 1.00 2.40 G.G0 0.30 0.10
F (.00 G.00 0.00 0.00 0.00 0.00 0,00 0.00
pH (1ab) 7.24 7.97 6.61 7.52 7.83 6£.78 6.89 6.65
pH (field) 8.20 8.50 7.70 8.10 8.50 7.50 2.40 7.50
FO 48,00 59.0G0 32.00 41.00 47.00 37.00 43,00 42.00
Dis. Sol. 112.80 149.80 49,60 60.00 76.20 45,50 76.10 19.90
Hard, 65.00 93.00 26,00 30.00 37.00 20.00 11,00 10.00
Alk. 31.00 39.00 18.00 29.00 34,00 20.00 9.00 9,00
b. 0. 9.60 10.70 8.50 9,80 16.40 8.90 10.60 10,40
JTu 4,00 10.00 0.00 0,00 ¢.00 0.00 8.00 0.00
In <0.01 0.015 Q.01 0. 01 0.01 0.0 0.01 -
Cd 0.0 <0.01 {0.07 {0.01 0. 01 <0.07 <€0.01 -
Cu 0.10 0.14 0.05 0.02 0,02 <0.02 Q.02 -
N 0.40 (.59 0.09 0.05 0.05 £0.05 0,05 -
Fe 0.30 0.58 0.17 0.05 0.10 0.00 0.05 0.00
Mn 0.04 0.06 0.01 0.00 0.00 0.00 .00 0.00
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Table 3. Summarization of water guality of major streams, 1971 - 1972 - 1973 - 19743,

Cab
Mg
Ha
K
510
HCOS
€03
OH
Cl
S04
NO3
F

p: g
Fo
Dis.
Hard
Alk.
D. O
JTU

in
Cd
Cu
Ni
Fe
Mn

lab)
field)

Sol.

Fast Rosebud River Station 001

Mean Max.
4.10 5,70
1.10 7.50
G6.90 1.30
(.80 1.40
2.20 3.00

17.10 24,00
0.00 0,00
.00 0.00
0.30 1.00
3.60 6.00
0.30 0.70
0.00 0.1
6.74 7.15
3.30 .40

43.00 57.00

30.50 38.40

14,00 20,00

14,00 20.00

11.20 13.00
1.00 4,00

<0.01 0.01
£0.01 £0.01
N 0,01

{0,02 <0.02
(.02 (.08
0.060 0.00

Min,

No. of
Samples

2.00
G.e0
0.50
0.50
1.00

- 10.00

0.00
0.00
0.00
1.80
0.00
0.00
6.19
8.20
32,00
18.60
9.00
8.00
8.50
0.00

<0.01
{0.0i
<0.01
0,01
.00
0.00

£ W W0 00 OY WO WD WO WO WD WD WD WD WO WO O WD D

WO WD WO WO WD O

Fast Rosebud River Station 007

Mean

5.60
1.40
1.40
0.80
3.50
24,00
0.00
0.00
0.50
3.90
G.40
0.00
6.90
8.20
43.00
41.80
20.0G0
20,00
11.30
2,00

£0.01
<0.01
£0.01
<0.02
0.12
0.00

Max.

8.60
1.80
2.40
1.70
6.00
36.00
0.00
0.00
1.40
5,60
0.90
0.10
7.18
8.40
60.00
55.60
28.00
30.00
13.00
3.00

0.01
<0.01
<0.01
<0.02

0.41

0.01

Min.

No. of
Sampies

2.60
0.70
0.60
0.60
1.30
11.00
0.00
0.00
0.10
2,60
0.00
0.00
6.33
8.10
32.00
21.70
10.00
9.00
8.50
0.00

£0.01
<0.01
0,01
Q.02
<0.02

0.00

9

£ N WD W0 WD W Y WO WD WD WD WD WD WD WD WD D DD

WO WO WO WO

a - Units are milligrams per liter except as indicated.

b - Standard chemical abbreviations, are as foliowWs:

5:0

Dis. Sol.
Hard.
Alk.

D. 0.

JTU

Hoabowo#H onon

Temperature, field
Calculated dissoived solids
Total hardness as CaCl
Total atkalinity as Ca

Dissolved oxygen, field

Turbidity, field

803

21 .



Table 3 Continued. Summarization of water quality of major streams, 1971 - 1972 - 1973

- 19742,

HWest Rosebud River Station 0063

No, of
Mean Max. Min. Samples
caPl 4.30 10.50 2.60 9
Mg 0.90 1.30 0.40 9
Na 1.00 1.30 0.70 9
K 0.380 1.10 0.40 9
5109 2.50 4,30 0.00 9
HCO3 17.00 34.00 10.00 9
C03 0.00 0.00 0.00 9
OH 0.00 0.00 0.00 9
Cl1 0.50 1.40 0.10 9
S04 3.20 6.20 2.00 9
NO4 0.30 0.80 0.00 9
FO 0.00 0.10 0.00 9
pH (lab) 6.70 7.22 6.24 9
pH (field) 8.10 8.30 7.90 6
Fo 43,00 57.00 32.00 3
Dis. Sol, 30.30 57.60 19.60 9
Hard. 15.00 31.00 10.00 9
Alk, - 14,00 28.00 8.00 9
D. 0. 11.10 12.00 8.60 6
JTU 3.00 8.00 0.00 4
n <0.01 0.01 £0.01 9
Cd {0.01 <0.01 <0.01 9
Cu 0,01 0.01 £0.01 9
Ni {0,02 <0.02 <0.01 9
Fe 0.02 0,07 0.02 9
Mn 0.00 0.01 0.00 9

West Rosebud River Station 004

Mean Max.
5,20 8.60
0.90 1.40
1.30 1.90
0.80 1.20
3,60 7.00
20.00 27.00
g.18 1.00
0.00 0.00
$.40 1.00
4,40 7.40
0.20 0.70
0.00 .10
6,91 8.42
8.20 8.40
44,00 60.00
36.80 48.50
17.00 26,00
17 .00 26.00
10.90 12.00
2.00 3,00
£0.01 0.01
0.01 <0.01
<0.01 0.01
<0.02 .02
0.03 0.12
0.00 0.01

Min.

No. of
Samples

3.30
0.60
0.80
0.60
1.00
15,00
0.00
0.00
0.10
2.20
0.00
0.00
6.33
7.90
32.00
28.10
12.00
12,00
8.30
0.00

{0.01
<0.01
£0.01
0.02
0.00
0.00

B N WD W D G0 T W WD WD WD WD LD WD WD WD WO D WO D

WD WD LD WO WO

a - Units are milligrams per liter except as indicated.

h - Standard chemical abbreviations, as follows:

FO = Temperature, field

Dis. Sol. = Calculated dissolved solids
Hard, = Total hardness as CaCO

ATk, = Total Alkalinity as C6803
D.. 0. = Dissolved oxygen, field

JTu = Turbidity, field

- 77 -
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fable 3 Continued.

- 19748,

Symmarization of water

quality of major streams, 1971 - 1972 - 1973

Cab

Mg

N

K

SiGy

HCO03

Oz

OH

cl

504

NOg

F

oH (lab)
pH {field}
FO

Dis. Sol.
Hard.

Atk

D. G.

JTY

in
Cd
Cu
N1
Fe
Mn

$tillwater River Station 005

Max.

7.10
1.80
2.50
1,60
/.30
26.00
0.00
.00
1,50
7.40
1.00
.10
7.24
8.40
55.00
48.60
21,00
22.00
16.00
16.00

0,01
0,01
0.01
0.02
0.20
0.0

No, of
Min, Sampies
2.60 i6
0.60 16
(.60 16
0.40 16
1.36 16
13.00 it
0.00 i6
G.00 16
0.20 16
£.00 16
0.00 16
0.00 16
5.32 16
7.80 13
32.00 15
23.40 i6
11.00 16
10.08 16
9.50 12
G.00 9
4,01 16
{0.01 16
{0.07 16
0.0z 16
0.00 16
0.00 16

Stiliwater River Station 006

Mean Max.
5.40 16,40
2.00 3,10
1.60 2.70
(3,80 1,50
5.00 9.00
28,00 51.00
0,00 G.00
G.00 0.00
0,50 1.40
8.30 14,00
0,30 1.00
4,00 g.10
£.88 8,12
8,20 &.50
43,00 56.00
84,30 92.00
28,00 51.00
23.00 42,00
10.90 13,40
Z2.00 8.00
.01 0.02
{¢.01 {0.01
{03,071 .02
{0.02 0.02
0.06 0.24
G.G0 (.07

No, of
Min,  Samples
3.60 16
0.70 16
0.860 16
(.40 16
1.30 16
13.00 16
0.00 16
6.00 16
0.00 16
2,80 16
0.00 16
0.00 16
6.04 16
7.00 13
32.00 i5
26.80 16
12.00 16
10.00 16
9.40 i3
0.00 9
.07 16
0,01 16
L0.01 16
0,02 16
0.00 i6
G.00 16

LS



Table 3 Continued., Summarization of water auality of major streams, 1971 - 1672 - 1973

- 19744,
West Fork Stiliwater River Station 007 West Fork Stillwater River Station 054
No, of No. of
Mean Max. Min., Samples Mean Max. Min. Samples
Cab 13.00 £1.00 5.00 16 6.50 7.90 3.40 8
Mg 4.00 6.70 0.50 16 2.30 3.80 0.40 8
Na 1.60 2.40 0.80 16 1.20 1.50 (.90 8
K (.90 1.80 .50 16 0.80 1.00 0.50 8
5107 6.80 10.00 2.00 16 5.50 7.00 3.00 8
HCO3 57.00 94,00 22.00 16 26.00 33.00 13,00 8
€03 0.00 1.00 (0.00 16 0.00 .00 0.00 8
OH 0.00 0.00 0.00 16 .00 0.00 0.00 8
¢l 0.40 1.10 0,20 16 G.60 z.00 .20 8
S0g 5.90 8,60 2.20 16 6.10 11.40 2.80 3
NO3 0.20 1.00 0.00 16 0.30 0.70 0.00 8
F 0,00 0.10 0.00 16 0.060 0.00 0.06 8
pH {1ab) 7.29 8.32 6,38 16 7.28 7.74 6.73 8
pH {field) 2.30 8.60 6.90 13 8.20 &.60 7.40 8
Fo 42 .00 53.00 32.00 15 40,00 47 .00 33.00 8
Dis. Sol. 90.10 133.10 40.00 16 49,20 54 .60 27.00 8
Hard, 48.00 76.00 21.00 16 25.00 35,00 16.00 8
Alk. 47,00 76.00 21.00 16 21.00 27.00 11.00 8
D. 0. 10.80 12.80 g.00 12 10,10 10,90 9.20 8
JTU 0.00 2.00 0.00 10 0,00 2.00 0.00 8
in 0,01 0.02 0.01 16 0.01 0.02 <0.01 7
Cd 0.0 {0.01 0,01 16 <0.0] 0,01 £0.01 7
Cu <0.01 0.02 0.07 16 Q.01 {0.02 0. 01 7
Ni 0.02 0.02 .02 16 {0.01 {0.05 .01 7
Fe 0.10 0.92 0.00 16 06.02 0.10 0.00 8
Mn 0.00 0.01 0.00 16 0.00 0.00 0.00 8




Table 3 Continued.

- 19748,

Suymmarization of water quaiity of

major streams, 1971 - 1972 - 1973

Cab

Mg

Ha

K

5102
HCO3

€03

OH

C1

S04

NO

F 3

pH (1ab)
pH (field)
Fo

Dis. Sol.
Hard.
Alk.

D. 0.

JTU

in
Cd
Cu
A
Fe
Mn

fast Boulder River Station 038

Mean

3.40
1.40
1.50
0.60
7.40
16.00
0.00
0.00
0.70
2.70
0.30
0.00
7.46
8.10
52.00
33.80
14,00
13.00
8.50
1.00

.01
.01
{.01
{0.01
0.02
0.00

Max.

6.30
1.70
1.60
0.60
9.60
24.00
0.00
0.00
1.30
5.60
0.80
0.00
8.53
3.60
61.00
43.60
21.00
21.00
9.40
5.00

0.01
©.01
£0.01
.05

0.10

0.01

Min.

Ho. of
Sampies

2,00
1.00
1.20
0.50
3.80
12.00
0.00
0.00
0.30
0.30
0.10
0.00
7.12
7.40
42,00
29.60
10.00
10.00
7.30
0.00

.01
©.01
.01
0.01
0.00
0.00

e T I B B N B B B B B 2 B Bl

~elerar o ot

Fast Boulder River Station 008

Mean Max.
23.80 32.00
5.70 6,90
1.40 2,00
0.50 1.00
6,70 15.00
89.00 122.00
0.00 2.00
0.00 0.00
0,30 1.00
7.00 12.20
0.10 0.80
0.00 0.10
7.65 8.41
8.50 8.60
40,00 52.00
142,00 180.10
82.00 105.00
78.00 104.00
11.06 12.10
1.00 5.00
0.01 0.01
0,01 .01
0.01 0,01
0.02 Q.02
0.02 0.17
G.00 0.01

No. of
Min, Samples
10.40 16
2.00 16
0.80 16
0.20 16
2.60 16
36.00 16
0.00 16
0.00 16
0.00 16
1.80 16
0.00 16
0.00 16
6.82 16
8.00 13
32.00 16
63.00 16
35.00 16
29,00 16
9,20 12
0.00 10
0,01 16
.01 16
<0,01 16
0.02 16
0.00 16
0.00 16




Table 3 Continued.

- 19744,

Summarization of water quality of major streams, 1971 - 1972 - 1973

Cab

Mg

Na

K

510y
HCO3

€03

OH

cl]

S04

NO3

F

pH {(T1ab}
pH (field)
FO

Dis. Sol,
Hard.
Alk.,

D. 0.
JTU

in

Cd

Cu

i

Fe

Mn

Fast Boulder River Station 009

Mean

41.60
9.50
4.80
1.20
7.10

141.00
0.00
0.00
1.40

44,00
0.30
0.00
7.92
8.40

42.00

253.20

150,00

116.00

11.10
4.00

<0.01
0,01
.01
0.02
0.1
0.00

Max.

55,00
15.30
12.70

2.50
11.00
178.00
5.00
0.00
3.30
63.00
1.00
0.20
8.48
8.70
58.00

324,90

196.00

158.00
12.40
20,00

0.015
{0.01
0.01
0.02

0.55

0,02

No. of
Min. Samples
17.90 16
3.20 16
1.60 16
0.50 16
3,20 16
59.00 16
0.00 16
0.00 i
0.30 16
9,40 16
0.00 16
0.00 16
7.00 16
7.60 13
33.006 16
97,70 16
57 .00 16
48.00 15
9.30 12
1.00 10
{0.01 16
0.01 16
Q.01 16
<0.02 16
0.00 16
0.00 16

Boulder River Station 010

Mean Max.
9,00 13.20
2.20 3,50
2,00 2,840
1.20 2.10
7.70 11.00
37.00 54.00
0.00 1.00
3.00 0.00
0.50 1.50
6,50 11.40
0.20 0.80
0.02 0.13
7.06 8.34
3.40 8,70
40,00 54,00
£9.90 8%.90
31.00 46,00
30,00 44 .00
11,10 12.00
3.00 3.00
.01 0.01
{0.01 <0.01
<G.Oi <0.01
0.02 0,02
0.10 0.68
0.00 0.03

No. of
Min, Samples
4,80 16
0.80 i6
1.00 16
0.60 16
3.00 16
23.00 16
0.06 16
0.00 16
0.10 16
2.60 16
0.00 16
0.00 16
6.53 16
8.30 13
32.00 16
40.60 16
20.00 16
19.00 16
8.90 13
0.00 9
0.01 16
0. 01 16
{.01 16
Q.02 16
0.00 16
0.00 16

- 26 -



Tahle 2 Continued. Summarization of water guality of major streams, 1971 - 1972 - 1973
- 19742,

Boulder River Station 011

No, of
Mean Max. Min. Sampies
cab 8,70 14,20 4,80 11
Mg 2.20 2,80 1.40 11
Na 2,00 2.80 1.00 11
K 1.00 1,50 0.60 11
Si02 5,00 11.00 3.20 11
HCO3 36,00 47.00 24,00 11
C03 0.00 6,00 0.00 11
OH 0,00 0.00 0,00 11
1 0,40 0.60 0.10 11
S04 5,80 10.40 2.60 11
NO3 0.30 0.70 0.00 11
F 0.01 0,12 0.00 11
pH (1ab) 7.17 7.94 6.48 11
pH (field) 8.40 8.70 8.20 11
FO 41,00 52,00 31.00 10
Dis, Sol. 65.30 86.00 44,80 11
Hard. 31.00 44,00 20,00 11
Alk. 30.00 39.00 20.00 1
D. 0. 10,70 12.00 3,10 11
JTU 1,00 7.00 0.00 8
7n 0,01 .01 £0.01 11
Cd 0.01 <0.01 {0.01 11
Cu 0.01 0,07 0,01 17
Ni {.02 {0.02 0,02 11
Fe 0.07 0.27 0.00 11

Mn 0.00 0.01 0.00 11

- P77 .



Table 4. Summarization of water quality data for stations on Rosebud tributaries, 1972.°
Fast Fishtail Creek West Fishtail Creek Morris Creek
Station 0120 Station 013C Station 014¢

Max. Min, Mean Max. Min. Mean Max, Min.
Ca 13.80 10.20 5.10 8.70 3.00 16.50 20,00 10,80
Mg 3.80 3.80 1.10 1.60 0.60 3.60 4,90 2.20
Na 3.70 2.50 1.90 2.50 1.00 12.00 17.00 7.00
K 0.71 g.61 0.69 0.90 0.60 1.00 1.40 0.70
5107 11.40 8.70 7.90 11.00 5.00 16.00 18,00 14.00
HCO3 55.00 52.00 22.00 32.00 15.00 g2.00 115.00 66,00
€03 0.00 0.00 0.00 0.00 0.00 0.060 0.00 0.00
OH 0.00 .00 0.00 (.60 0.00 0.00 0.00 0.00
C1 0.50 0.40 0.30 g.60 0.10 0.80 1.30 0.30
S04 6.00 4,20 4,40 5.60 2.60 6.60 9.60 2,00
NO4 £.70 (.00 .40 0.80 0.00 0.40 1.00 0,20
F (.00 (.00 0.00 0.00 0.00 0.10 0.20 .00
pH {1ab) 6.75 6.65 6.64 7.18 6.40 7.08 7.11 6.90
pH (field) 8.50 8.40 8.30 8.50 8.10 8.40 8.40 8.30
FO 41.00 32.00 40.00 52.00 32.00 45,00 70.00 32.00
Dis. Sol. 89,20 86.00 43,90 61,70 28.30 150.40 187.40  105.80
Hard. 43,00 41.00 17.00 25.00 10.00 56.00 70.00 39.00
Atk. 45,00 43,00 18.00 27.00 12.00 75,00 34,00 54,00
D. 0. 11.50 10.40 10.70 11.60 9.60 10.70 12.10 7.10
JTy 12.00 5.00 1.00 5.00 0.00 18,00 35.00 8.00
In 0.01 0,01 <0.01 0.015 0.0} <0.01 0.M £0.01
Cd €0.01 £0.01 <0.01 <0.01 <0.01 <0.01 .01 <0.01
Cu (0,01 <0,01 0,01 <0.01 0.01 {0.01 <0.01 <0, 01
Ni £0.02 0.02 0.0¢ <0.02 {0.02 <0.02 <0.02 .02
Fe 0.21 0.06 0.02 0.05 (.00 0.71 1.10 0.46
Mn 0.00 0.00 0.00 0.00 0.00 0.10 0.36 .00

a - Units are milligrams per liter except as indicated.

b - Two samples - mean not calculated.

¢ - Four samples.
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Table 6. Summarization of water quality data for stations on West Fork Stillwater River
tributaries, 1972 - 1973 - 1974.4

Ca

Mg

Na

K

Si0

HCO?

€03

OH

Cl

S04

NO3

F

pH (lab)
pH (field)
FO

Dis. Sol.
Hard.
Alk.

b. 0.

JTU

in
Cd
Cu
N1
Fe
Mn

Initial Creek?

Station 017

Cathedral CreekbP
Station 18

Max., Min.
34,00 23,00
11,30 8,20

2.10 1.40

0.41 0.33
11.40 10.00

154,00 112.00

0.60 G.00

.00 0.00

0.20 §.20

7.80 1.60

0,10 0.00

0.00 0.00

7.46 -

5.60 8,60
36.00 32,00

220,40 156.50
130,00 90,00
126.00 92.00

10,80 8.70

4,00 .00

0.0 0,01
<0.01 0. 901
0,00 0.01
40,02 <0.02

0.06 0.02

0.01 0.01

Min.
410 3,50
2.90 2.80
2.10 1.60
0.48 0.33
19,00 8.60
28.00 27.00
0.00 0.00
0.60 0.900
0.30 0.30
3.90 2.40
(.20 (.00
.00 .00
6.45 -
8.30 8.30
36.00 32.600
50.40 48,20
22.00 20.00
23.00 22.00
10.80 3.70
2.00 0.00
0.01 0,07
0.0 .01
0.01 .01
0.02 0,02
0.06 0.00
0.01 0.400

Iron Creek
Station (19
No. of
Max. Min. Samples

21.00 .70 )
5.30 2.90 6
1.80 0.80 5
0.78 0.20 6
.00 2.70 6
87.04 48.00 6
0.00 0.00 6
0.00 0.00 6
§.90 0.30 6
5.40 2.560 6
0.30 5.00 6
0.00 0.00 6
7.93 6.55 5
3.60 7.60 )
53,00 36.00 6
131,10 74.60 5
70.00 39.00 &
72,00 36,00 6
106,80 5.00 6
7,00 0.00 5
0.01 0. 01 6
<0.01 0.01 6
fﬂﬁﬁﬁ <0.01 6
0,02 <{0.01 b
0,06 0.00 &
0.01 0.00 6
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Table 6 Continued.

Summarization of water quality data for stations on West Fork
Stillwater River tributaries, 1972 - 1973 - 1974,

Ca

Mg

Na

K

5102

HCO3

€03

OH

C1

S04

NO3

F

pH (lab)
pH (field)
FO

Dis. Sol.
Hard.
Alk.

D. 0.

JTu

in
¢d
Cu
N
Fe
Mn

Mean

14.30
2.20
1.50
0.19
8.80

51,00
0.00
0.00
0.50
4.00
0.10
0.00
7.28
8.40

40.00

82.90

44,00

42.00
9.60
1.00

{0.01
€0.01
{0.01
.01
0.02
0.00

Picket Pin Creek
Station 020

Max.

16.20
3.30
1.70
0.20
9.30

57.00
0.00
0.00
0.90
6.40
0.30
0,00
7.71
8.60

46,00

94.60

52.00

48,00

10.30
7.00

0.015
<0.01
€0.01
<0.02

0.05

0.02

Min,

No. of
Samples

10,70
1.20
1.30
0.16
8.20

40.00
0.00
0.00
0.20
2.00
0.00
0.00
6.50
7.90

32.00

64.60

32.00

33.00
8.60
0.00

<0.01
£0.01
{0.01
.01
0.00
0.00

GOy YO O O forNe Rer e rleaRe N W NorNarWa WerNerResNe e pier e e ) ey

Mean

6.00
8.40
0.70
0.40
14.00
53.00
0.00
0.00
0.50
6.20
0.20
0.00
7.01
8.10
45,00
89.20
49,00
43.00
8.70
3.00

0,01
{0,01
{0.01
0. 01
0.19
0.01

{rescent Creek
Station 048

Max.

6.60
9.60
1.00
0.50
15.00
59,00
0.00
0.00
0.70
7.30
0.30
0.00
7.21
8.50
54.00
98.50
55.00

Min,

No..of
Samples

5.10
6.70
0.50
0.29
13,00

45,00
0.00

0.00
0.20
3.80
0.00
0.00
6.87
7.00
33.00
80,90
44,00
37.00
6.00
0.00

{n.01
<0.01
<0, 01
£0,01
0.00
0.00

S N N U N S N N O S N N N 8

RS S S RSO
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Table 8. Summarization of water quality data for stations on Boulder River tributaries,
1972 and 1974.2
Fast Chippy Creek Great Falls Creek Falls Creek
Station 023P Station 026 Station 027P

Max. Min. Max, Min, Max Min,
Ca 10.80 8.30 6.40 4,20 7.90 4,60
Mg 4,10 3.00 0.80 0.00 1.20 1.00
Na 0.83 0.83 2.10 1.10 3.00 1.10
K 0.67 0.64 0.90 0.90 1.00 0.90
Si0p 10,00 9.50 8.60 5.90 7.10 5.90
HCO3 472.00 33.00 16.00 14.00 22.00 17.00
CO5 0.00 0.00 0.00 0.00 ¢.00 0.00
OH 0.00 (.00 0.00 0.00 (.00 0.00
C1 0.40 0.30 0.30 0.20 1.50 0.0?
S04 14,30 6.80 11.60 6.60 12.00 4,00
NO=z 0.80 6.10 0.60 0.00 0.80 0.20
F 0.00 0.00 0.00 0.00 0.00 0.00
pH (lab) 6.82 - 6.66 6.37 7.17 6,37
pH (field) 8.50 8.20 8.40 7.80 8.40 8.40
Fo 40.00 32.00 40.00 32.00 49,00 33.00
Dis. Sol. 84.00 53.90 46.90 33.80 56.20 35.40
Hard. 44,00 33.00 16.00 14.00 24,00 15.00
Alk. 34,00 27.00 13.00 11.00 18.00 14.00
D. 0. 12.10 10.50 10,60 10.10 11.80 10.50
JTU 1.00 0.00 2.00 0.00 2.00 0.00
In 0.015 {.01 0.01 .01 0.01 .01
Cd 0.01 .01 <0.01 {0.01 {.01 0.01
Cu 0,01 .01 <0.01 <0.01 0.01 <0.01
Ni 0,02 0.01 0.02 {0.02 .02 0.02
Fe 0.02 0.02 0.08 0.02 .09 (.02
Mn 0.00 .00 0.00 0.00 0.00 0.00

a - Units are milligrams per lifer except as indicated.

b - Two samples per station except for lab pH, which is one at station 023,
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Table 8 Continued.

symmarization of water quality data for stations on Boulder River

Tributaries?.

Ca

Mg

Na

K

5i0p

HCOq

CO»

OH

C1

S0a

NO3

F

Ph {lab)
pH (field)
Fo

Dis. Sol.
Hard.
Alk.

D. 0.

JTY

n
¢d
Cu
N1
Fe
Mn

=
{D
£
]

Oy = i
L L]
— 3 T T
o

4

g (D - D ]

[av]

[

PR N R B i B 64 B o Bl i JRS = B oie B Sl S IR
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oo O e
~d Ry =3

k3 (]

[$a el
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fon N uw]
o
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©.01
<0.01
0. 01
0,01
0.01
0.00

Blakely Creek
Station 024
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o e BN Woge W aps W Eo M ane I ow B s B o B0 ol e BE i R =
o e L © Ll o L] [ ' 4 o
WO O MNP o 000 >
&

[N

Min.

No. of
Sampies

¢ e
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CO\JSDSD%OCDGCD\OCDD&LO
< a L3
L o e I SR

oo
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Fa o 00 W
wad (¥ D P
e
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st Q¥ e
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0,01
0,01
~0.01
0.07
0.00
0.00
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M O OO
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=
D
oF
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N CO Oy
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a a

Graham Cree

K

Station 025

No., of
Max. Min., Samples
15.2 9.9 4
4.5 1.9 4
2.2 1.3 4
0.3 0.18 4
11.4 8.3 1
63 38 4
0 0 4
0 0 4
0.7 0.5 4
10.6 3.2 4
0.4 0.0 4
0.0 0.0 4
7.85 6.79 3
8.7 8.1 4
48 32 4
100.6 64.0 4
55 32 4
51 31 4
11.6 9.6 4
1 0 4
0.01 -0, 01 4
0,01 <0.01 4
L0 0,01 4
~0.02 0,01 4
0.50 0.00 4
0.01 .00 4
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Table 9. Summarization of water gquality data for stations on the Deer Creeks, 1972 - 19738

Upper Deer CreekP Lower Deer CreekP
Station 022 Station 021

Mean Max. Min. Mean Max. Min.
Ca 34,00 42.00 28.00 27.00 35.00 23.00
Mg 5.20 6,30 4.30 4,10 5.00 3.40
Na 4.80 6.80 3.40 4,00 5.80 3.00
K 0.41 0.45 0.39 0.34 0.40 0.28
Si0p 12.60 13.70 12.00 13.60 14.00 13.00
HCO3 120.00 149,00 100.00 91.00 123.00 84,00
€05 .00 0.00 0.00 0.00 0.00 0.00
OH 0.00 0.00 0.00 0.00 0.00 0.00
C1 0.40 0.60 0.30 0.70 1.860 0.20
S04 16.70 24 .00 12.20 13.30 19.00 9,50
NO3 0.10 0.20 .00 0.30 0.70 0.00
F 0.00 0.00 0.00 0.00 0.00 0.00
pH (1ab) 7.62 8.20 7.13 7.55 7.98 7.34
pH (field) 8.50 8.60 8.30 2.40 8.50 8. 40
FO 47 .00 49,00 43.00 45,00 48,00 42,00
Dis. Sol. 195.00 243,50 160.90 161.50 204.60 137.20
Hard. 106,00 123.00 87.00 85.00 107.00 71.00
ATk, 99.00 123.00 82.00 80.00 161.00 63.00
p. 0. 10,00 10.30 9.80 10.20 10.50 9,80
JTu 8.00 13.0G0 5.00 3.00 5.00 0.00
n - <0.01 <0.01 - 0N.02 0,01
Cd - {0.01 {0.01 - 0.01 .01
Cu - 0.02 <0.01 - <0.02 <0.01
N1 - £0.05 <0.02 - .05 <0.02
Fe 0.17 0.37 0.01 0.06 G.10 0.02
Mn 0.00 0.01 0.00 0.00 .01 0.00

a - Units are milligrams per liter except as indicated.
b - Samples except two for zinc, cadmium, copper, and nickel,
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Table 10. Comparison of pH measurements made simultaneousiy with laboratorv and
field instruments.

Field Laboratory
Stream Station Instrument Instrument Difference
West Rosebud 0064 7.98 7.91 +0,07
Stitlwater 006 8.12 8.13 -0.01
West Fork_Stiiiwater 007 8,45 8.24 +0,21
Fast Boulder 009 8.53 8.46 +0,07

Boulder 010 8.05 8.11 -0.06




I . ,

made on January 25, 1973. There was good agreement between the two metfers when measurements
were made at the same time and soon after sampie coliection. Values of pH were in the range
7.9 - 8.5, agreeing with previous field measurements, Apparently pH value decreased con-
sederably between time of collection and time of laboratory measurements. The conclusion

js that of the pH values in Tables 3 through 9, the field measurements rather than the
laboratory measurements indicate true pH values in streams.

Turbidity and Suspended Solids

Turbidity and suspended solids (sediments) were measured on a rather intensive basis
in 1974 {Tables 11 and 12). Both parameters varied directly with water flow rates. Even
the higher values during runoff in May and June are moderate. High values for turbidity
in South Nye Creek in March and April were caused by mi1l tailings freshly blown into the
stream. Values for both turbidity and suspended solids increased in a downstream direction,

Volatile suspended solids (Table 12) are particulate organic materials suspended in
water. They constituted a major fraction of the total suspended solids only when total
suspended solids were low. For example when total suspended solids were less than one
milligram per liter, volatile suspended solids averaged 75 percent of the total. For all
total suspended solids values over 15 milligrams per liter, volatile suspended solids
averaged 11 percent of the total. '

Dissolved and Suspended Metal Concentrations

Part-per-billion Tevel analysis was done for dissolved and total {suspended plus
dissolved) metal concentrations at stations on major streams (Table 13). Even with the
low detection limits, many samples did not contain detectable concentrations of some
metals. For all stations and metals the relative proportions of dissolved and suspended
were variable. For the higher values, most of the total was in the suspended rather than
the dissolved fraction. Even the higher values in Table 13 are relatively low and indicative
of clean, unmodified water quality.

Stream Sediment Quality

Concentrations of metals in stream sediments (Table 14) are surprisingly similar to
values for the Earth's crust. These values as given by Wolfe and Rice (1972) are (in parts
per million): Copper, 45; Nickel, 80; Lead, 15; Cadmium, 0.2; Zinc, 65; Iron, 50,000, The
similarity of these values to those in Table 14 suggests a relatively unmodified condition
in the study streams. The values for nickel at station 006 on the Stillwater River seem to
be an exception. The probable sources of apparently elevated nickel concentrations are
Verdigris Creek, a small tributary carrying high nickel concentrations, and mill tailings,
both a short distance upstream from station 006. High values for nickel on some tributary
streams have no obvious explanation other than mineralization in the watershed.

In general, values for all metals are somewhat lower at stations on the East and West
Rosebud Rivers.

Stream Bottom Fauna

Seasonal means for macroinvertebrates at stations on larger streams are given in
Table 15. Complete data can be found in Appendix A. Macroinvertebrate data for tributary
ctreams is found in Table 16, Data is included through May 1974 for stations on larger
streams. Additional samples not yet sorted were collected in summer and fall, 1974 at

stations on larger streams and summer, 1974 on tributary streams. This data will be
included 1in a future report.
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Mean turbidity2and number of samples (in parentheses) by months for various stations, 1974,

Table 11,
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rable 12. Suspended solids data for stations on major streams, 1974.8

S5tillwater River

Station 034 Station 006 Station 005
Vola~ % Vola- Vola-% Vola- Vola- % Vola-
Total tile tile Total tile tile Total tile tile
March .59 0.27 45,8 0.52 0.30 57.7 0.94 (.35 37.2
April 0.95% 0.47 49,5 0.97 0.41 42.3 0.58 0.24 35,3
May(early) 2.96 1.72 41.2 2.15 1,13 52.6 0.90 6.90 100.0
May(Tlate) 18.17 3.78 17.¢C 9.9¢ 2.30 23.2 7.52 .31 30.7
June(early) 9.90 1.80 18.2 5.10 1.10 21.6 4,41 0.90 20.4
June{mid) 106.74 10.46 9.8 32,72 5.15 15.7 82,51 11.3¢6 13.8
June{late) 20.30 1.71 8.4 7.98 1.40 17.5 7.74 0.99 11.6
July 3.6 1.8 50.0 2.0 0.8 a0.0 1.4 0.6 42.9
August 1.9 0.5 26.3 1.9 0.8 42.1 0.7 0.6 85.7
September 0.10 0.10 100.0 .10 0,10 100.0 0.6 0.5% 83.3
October 0.30 0.30 100.0 0.70 0.40 £7.1 0.10 0.10 ————
November 1.10 0.40 36.4 0.706 0.40 57.1 0.30 0.10 33.3
December 0.80 0.50 6£2.5 0.50 0.50 100.0 0.70 0.30 42 .9
West Fork Stillwater River
Station 007 Station 037
Yola- % Vola- Yola~ % Vola-
Total tile tile Total tile tile
March 0.24 0.16 66.7
April 0.20 0.18 90.0
May(early) 0.51 0.41 80.4
May({late) 5.27 1.10 20.9 5.96 1.29 21.6
June{early) 2.59 0.70 27.0 3.21 0.60 18.7
June(mid} 59.81 6.75 11.3 £3.46 5.02 9.4
June(late) 14.10 1.30 g9.?2 19.10 2.00 10.5
July 1.1 0.4 36.4 1.0 0.4 40,0
August 0.9 0.6 66.7 0.5 0.4 80.0
September 0.40 0.20 50.0 0.4 6.3 75.0
October 0.20 0.20 10G.C 0.0 0,20 40.0
November 0.40 0.40 100.0 0.20 0.20 100.0
December 0.60 0.60 100.0 0.30 0.20 66.7

a-Units are milligrams per liter,
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Table 17. {Continued)
Fast Boulder River
Station 008 Station 061
Vola- % Vola- Yola- Yola-
Total tile tile Total tile tite
March 0.35 G.29 82.9
April 0.22 0.17 77.3
May(early) 1.01 0.91 90.0
May{late) 6.81 2.10 30.8 4,17 1.49 35.7
June{early) 5.89 3,30 56.9 9,40 1.20 12.8
June{mid) 33.63 4,82 14.3 47 .84 5.96 12.5
June(late) 4,51 1.00 22.2 4 .50 0.90 20.0
July 0.5 0.3 60.0
August 1.1 i.C a0.9 0.6 0.4 66.7
September 0.10 .10 100.0 0.30 0.30 100.0
Gctober 0.20 0.20 160.0 0.20 0.20 10G.0
November G.30 0.30 100.0
Decemher 0.30 ¢.30 100.06
Boulder River
Station 010 Station 011
Vola- % Vola- Vola- % Vola-
Total tile tile Total tile tile

March 0.53 0,29 54 .7 0.44 0.29 £5.9
April 0.31 0.27 87.1 0.31 0.249 93.5
May{early) 5.96 1.52 25.5 3.01 1.10 36.5
May(late) 22.35 3.11 13.9 18.14 2.71 14.9
June(eariy} 14.72 2.3 16.2 2.60 1.00 38.4
June(mid) 192.16 11.36 5.9 142.67 9.83 6.9
June(late) 30.70 2.40 7.8 30.20 2.10 £.9
July 1.3 0.7 53.8 9.8 0.4 44 .4
August 0.5 0.4 80.0 0.8 0.5 62.5%
September 0.5 0.4 20.¢ 0.10 6.10 100.0
Octoher 0.6 0.2 33.3 0.40 0.30 75.0
November 0.3 0.3 100.0 0.10 6.10 100.0
Becember 0.5 0.3 60.0 .50 0.30 50.0
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Table 15. Mean and Range (in parentheses) of macroinvertebrates collected in one square
foot stream bottom samples for stations on larger streams, 1970-74.
Plecop-  Tricop- Ephem- Dip- Coleop-  Anne-
Season-N@ tera tera eroptera tera tera Tida Otherb Total
East Rosebud River-Station 001
Winter-03 79 15 311 26 2 1 1 435
(52-102) (4-24) (260-377) (13-38) (0-4) (0-2) (0-2) (331-531)
Spring-07 35 3 120 14 <1 0 3 176
(3-66) (1-11) (22-228) {7-26) (0-2) (0-0) (0-8) (37-316)
Summer-07 35 12 100 18 0 9 (1 174
{18-53) (3-22) {53-190) (6-32) (0-0) (0-62) {(0-2) (81-359)
Fall- 06 39 3 131 12 0 0 1 187
(8-72) (0-8) (43-188} (1-24) {0-0) (0-0) - (0-3) (60-278)
Fast Rosebud River-Station 028
Winter-06 21 94 215 19 2 29 < 379
(6-30) (33-136) (172-286) (2-39) (0-4) (1-62) (0-1) (233-477)
Spring-03 6 44 58 4 2 <1 <1 114
(0-14) (12-103) (26=-78) {3-5) (0-4) {0-1) (0-1) (97-140)
Summer-03 5 10 55 18 1 3 <1 93
(1-12) (5-17) (32-90) (9-28) (1-1) (0-8) {0-1) {65-138)
Fast Rosebud River-Station 046
Winter-06 21 42 187 21 <1 8 4 279
(9-36) (15-71) (86-272) (1-52) (0-1) (0-37) {0-3) (126-352)
Spring-06 10 83 110 21 3 79 0 305
(5-24) (32-159) (44-169) (5-43) (1-7) (0-278) (0-0) (178-558)
Summer-06 17 41 112 51 3 9 0 228
(4-34) {19-95) (63-153) (28-62) {(0-7) (1-21} {0-0) (138-346)
Fall -06 27 104 130 17 g9 70 16 373
(17-38)}  (62-177) (87-182) (10-21) (3-15) (0-158) {1-35) (210-553)
West Rosebud River-Station 003
Winter-06 79 31 309 27 7 56 <1 510
(24-163) (14-66) (87-577) (4-46) {4-10) (3-149) (0-4) (168-1011)
Spring=-07 31 32 135 25 5 55 10 294
{8-99) (10-95) (55-311) (13-45)  {0-13) (0-116) (0-63) (201-618)
Summer-07 46 3 86 12 3 41 L1 192
{23~94) {1-6) (29-162) (5-31}) (0-6) {1-95) (0-2) (75-328)
Fall -06 75 33 193 8 4 38 {1 352
(37-112) (8~60) (106-260) (4-16) (1-7) {15-71) {0-4) (176-426)

a-Number of square foot samples.

b-Includes Hydracarina, Hemipiera, Nematoda, and Turbellaria
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Table 15. (continued) Mean and Range (in parentheses) of Macroinvertebrates collected
in one square foot stream bottom samples for stations on larger streams,
1970-74,
Plecop~ Tricop- Ephem- Dip- Coleop~-  Anne-
Season-N?  tera tera eroptera tera tera Tida OtherD Total
West Rosebud River-Station 029
Winter-06 19 60 77 17 3 g <1 186
(8-27) (18~152) (42-117) (5-36) {(0-7) (1-16) (0-1}  {109-310)
Spring-07 16 74 111 52 10 65 7 335
(5-29) {15-192) {22-190) (22-105) (5-19) (1-141) (0-44)  (188-446)
Summer-07 11 31 140 47 10 41 1 283
(1-32) (9-94) {49-290) (21-66) (3-21) {0-164) (0-3) (122-531)
Fall -06 29 74 138 33 5 24 0 305
(6-52)  (57-101) (87-172) (17-51) (1-7) (4-51) (0-0) (226-384)
Fishtail Creek-Station 030
Winter-07 57 130 261 36 8 135 77 705
(12-144) (69-250)  (96-528) (4-97) (3-12) (18-289) (16-188) (270-1380)
Spring-09 14 88 123 35 8 60 45 374
(3-47) (36-203) (31-396) (12-69) (1-24) (6-151) (0-142) (139-959)
Summer-06 20 37 57 40 5 79 33 270
(8-27) (27-56) (33-80) (7-93) (3-8) (3-223) (15-58) (126-448)
Fail -06 57 65 152 14 o 133 38 465
(27-96) (44-90)  (96-170) (5-25) {1-11} (75-261) (16-49) (308-643)
Fishtail Creek-Station 045
Winter-06 49 144 272 49 12 - 48 <1 575
(6-108) (34-233) (62-623) (9-80) (6-22) {16-97) (0~1) (133-1020)
Spring-09 8 67 99 37 10 21 2 245
(2-23) (39-118) (60-257) (7-100;} {3-19) (6-39) (0-6)  {180-525)
Summer-06 15 20 163 33 10 33 7 281
(6-26) (6-32)  (39-264) (17-74) {3-19) (14-99) (4-22) (100-367)
Fall -06 40 114 156 33 17 €9 i 432
(15-52) (68-185) (98-247) (8-78)  {4-36) (2-146) (0-4)  (210-621}
Little Rocky Creek-Station 031
Winter-09 21 79 94 292 46 <1 25 558
(5-44) (51-108) (22-142) (55-826) (5-103) (0-6) (4-52) (231-1140)
Spring-09 6 74 162 111 17 1 13 385
(1-15) (46-103) {60-331) (49-247 ) (6-37) (0-6) (4-24) (283-479)
Summer-06 12 43 145 30 23 0 7 260
(4-20) (21-78) (62-218) (9-74) {2-45) (G-0} (1-12) {123-364)
Fall =06 38 90 74 97 50 3 8 360
(14-67) (1-233)  (19-132) (20-168) {7-148) (2-6) (0-20} {63-700)
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Table 15. {continued) Mean and Range (in Parentheses) of macroinvertebrates collected
in one square foot stream bottom samples for stations on larger streams,
1970-74.
a Plecop- Tricop- Ephem- Dip- Coleop~  Anne- b
Season-N tera tera eroptera tera tera 1ida Other Total
Stillwater River-Station 005
Winter-09 43 16 329 19 4| <1 1 410
(19-69) (2-36) (158-403) (5-49) {0-2) (0-5) (0-3) (242-733)
Spring-10 19 4 120 3z 2 11 3 190
(0-114) {0-13) (48-270) (1-162) {0-6) (0-64) (0-12) (64-644)
Summer-07 16 7 36 45 2 <1 0 107
{(5-43) (0-18) (12-74) (12-168) {0~5) (0-2) (0-0) (32-309)
Fall -06 43 23 97 163 2 12 4 345
(5-86) (0-48) {48-141) (3-852) (0-3} (0~39} (0-21) (67-1066)
Stillwater River-Station 006
Winter-09 91 53 398 82 1 14 {1 639
(29-186) (17-98) (195.726) {20-188) (0-2) (0-46) {0-2) (297-1222)
Spring-10 29 21 187 21 <1 10 <1 269
(13-92) (0-83) (84-399) {(6-65) (0-1) (0-41) (0-1) (141~540)
Summer-07 18 13 134 29 1 5 <1 201
(3-35) (0-37) (70-201) (10-45) {02} {0-15) (0-2) (83-279)
Fall «06 31 25 175 22 1 2 <1 254
(10-88) (2-52) (71-331) (5-63) {0-1) (0-6) (0-2) (107-512)
Stillwater River-Station 032
Winter-09 48 98 161 50 2 4z 2 404
(30-103) (18-232) (81~269) (28-80} (0-4) (9-133) (0-6) (252-705)
Spring-10 31 37 270 41 4 22 1 406
(3-71) (3-116} (139=546) (4-120) (0~-21) (0-163) (0-6)  (164-790)
Summer- 06 23 5 136 36 <1 1 <1 204
. (12~38) (0~13) (75=206) (21-58) (0-3) {0=6) (0-2)  (136-307)
Fall -06 72 93 156 30 5 3 yA 361
(20-214) (4-198) (57-411) (1-60) (0-14) (0-8) {0~10) {90-915)
Stillwater River-Station 033
Winter-09 105 113 297 109 5 67 2 697
(34-236) (3-158) (162-465)  (11-323) (0-18) (6-118) (0-7) {272-921)
Spring-10 37 82 275 51 5 32 1 483
(13-88)  ({6-211) (80-801) {3-123) (0-14) (0-~106) (0~5) (129-1272)
Summer-07 51 11 168 31 8 10 2 281
(14-73) {2-31) (80-253) (5-57) (2-30) (0-37) (0-6) (140-345)
Fall -06 71 121 260 237 3 31 3 727
(39-107) (63-179) (177-388}) (39-373) (1-6) (2-94) (0-10) (491-1050)
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Table 15. (continued) Mean and Range (in parentheses) of macroinvertebrates collected
in one square foot stream bottom samples for stations on larger streams,
1970-74,
Plecop~  Tricop- Ephem- Dip- Coleop-  Anne
Season-N® tera tera eroptera tera tera lida Other? Total
Stillwater River-Station 035
Winter-09 40 285 250 69 13 22 1 630
(22-66) (82-499) {112-500) {10-156} {3-31) {0-59) (p-2)  (240-1233)
Spring-06°¢ 21 153 196 95 10 5 3 481
(7-57) (20-320)  (110-386)  (55-190)  (3-21) (0~13) {0-8) (237-880)
Summer-~-07 11 66 77 258 6 <1 1 420
(5-29) (21-174) (41-105) {110-326) {0-19}) (0-2) {0-3) {240-710)
Fall -06 48 371 147 42 15 1 15 639
(32-61) (214-533) (109-205) {19-60) {7-24) (0~6) (2-30) (448-797)
West Fork Stillwater River-Station 037d
Spring-09 19 33 106 11 <1 42 4 215
{1-49) {3-98) (6-215) (1-22) (0-2) {5-140) (1-10) (47-354)
Summer-07 29 9 138 13 {1 65 < 255
(13-64) {3-18) {44-208) (4-21) (0-1} {0-146) (0-2) (128-387)
Fall ~06 - 49 29 99 6 1 18 {1 203
(16-78)  (14-47) (58-137) (3-11) (0-2) (1-39) (0-2) (100-281)
West Fork Stillwater River-Station 007
Winter-09 131 36 152 29 4 81 11 445
(17-277)  (14-73) (64-265) (5-64) {0-15) {0-333) {3-28) (162-822)
Spring-10 53 20 200 31 7 68 9 387
(21-86) (6-48)  (107-366) (5-104) (0-34) (0-254} (0-27) (184~624)
Summer-07 26 g 111 21 1 48 1 217
(6-76) (1-20) (29-224) (2-59) {0-4) (0-186) {(0-3) (43-434)
Fall =~06 120 26 111 9 11 39 6 320
(71-250) (13-36) {64-170} (2-18) (0-36) {3-99) {(0-20) {223-502)
West Fork Stillwater River-Station 038F
Winter-(09 121 39 281 78 7 158 3 683
(36-239} (15-67) (121-441) {26-180) (2-13) {52-308) (1-9}  (292-1059)
Spring-09 30 37 186 49 4 45 3 354
(12-49) (0-88} (28-426) {(0-114)} (0-10) (0-187) {0~9} {43-823)
Surmer-07 40 24 216 58 5 58 5 408
{26-86) (7-49) {79-561) {16-151) {3-8) {11-134) {1-10) (201-995}
Fall =06 72 46 206 36 9 27 13 409
(26-111) (17-65) {93-378) {11-82) (5-15) (0-81) {1-34) {223-660)

c-Three sampies from May, 1972 not included because they were taken from newly inundated

d- o winter samples collected.
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Table 15. ({continued) Mean and Range (in parentheses) of macroinvertebrates collected
in one square foot stream bottom samples for stations on targer streams,
1970-74.
Plecop-  Tricop- Ephem~ Dip~ Coleop- Anne b
Season-N ° tera tera eroptera tera tera lida Other Total
East Boulder River-Station 008
Winter-09 75 17 161 11 11 28 4 308
(37-131) (8-36) (107-243) (4-20} (2-25) (7-59) (1-7) {192-514)
Spring-10 41 25 140 7 10 59 10 293
{(20~60) (8~56) (79-292) (1-12) (4-17) (0-216) {0-25) {151-524)
Summer-06 25 28 97 15 5 21 6 197
(2-43) (13-55) (28-169) (4-39) {(0-15) (0-53) (0-11) {50-340)
Fail =07 108 55 174 23 13 18 10 400
(12-208) (8-138) (55-245) (0-64) (5-24) (0-67) (2-18) (85-653)
East Boulder River-Station 009
Winter-09 162 542 262 764 42 85 10 1866
(33-324) (104-2025) (69-621) (161-1585) (4-195) (0-269) (2-64} (854-4970)
Spring-10 67 395 312 438 21 35 12 1280
(7-268) (13-1137) (39-752) (62-790) (0-47) (0-96) (2-35) (171-2571)
Summer-06 72 31 249 123 7 20 6 507
(27-154) (14-55) (84-342) (66-180) (2-10) (8-38) (1-14) (307-636)
Fall =07 103 370 141 492 7 18 23 11556
(44-173) (162-753) (66-216) {124-1701) (2-21) (0-107) (0-51) (644~2442)
Boulder River-Station 011
Winter-03 26 61 259 5 <1 8 2 361
(10-56) (43-93) {(237-310) (2-10) {0-1) {(4-15) (1-3) (295-406)
Spring-10 37 15 69 22 0 7 10 161
{16-127) {0-42) (11-131) (2-66) (0-0) (0-50) {0~37) (35-358)
Summer-06 26 32 169 15 <1 21 4 269
(4-50) {5-78)} (98-364) (541} (0-2) {0-59) (0-8) {166-493)
Fail =07 48 49 170 & <1 25 10 308
{17-98}) (18-129) (39-292) {0-10) (0-2) {0-107) (0-34) {120-627)
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Table 15. {continued) Mean and Range (in parentheses) of macroinvertebrates collected
in one square foot stream bottom samples for stations on larger streans,
1970-74,
Plecop-  Tricop- Ephem- Dip- Coleop-  Anne-
Season-N tera tera erpptera tera tera 1ida Gtherb Total
Boulder River-Station 010
Winter-09 45 53 164 10 2 30 <1 303
(13-77) {2-123) (44-266) (3~13) {Ow8) (2-69) (0-2) (78-446)
Spring-07¢ 35 9 119 6 Z 10 12 193
(8-56) (1-32}  (93-165) {(0-14} (0-10) (0-33) (0-74)  (118-269)
Summer-06 29 25 103 14 2 21 <1 195
(9-64) (1-74) (69-141) {11-19) {0-6) {1-55) (6-2)  (110~305)
Fail =07 69 73 170 8 1 24 <1 345
(42-116) (29-159) (99-243) {4-11) (0=5)} (3-70) (0-3) {198-452)
Boulder River-Station 039
Winter-09 26 99 89 168 2 19 & 410
(3-73) {31-171) (36-180) (3-969) (0-4) (0-57) {1-22) (135-1270)
Spring-10 18 137 151 69 4 13 3 3¢5
(7-48}) (5-361) (12-337) {11-271) {0-9) (0-34) (0-9) {55-953)
Summer-06 11 19 136 54 5 3 1 230
(3-20) (8-30)  (39~195) (26-107) {2-10) (0-11) (0-4)  (104-300)
Fall =07 13 170 75 41 4 9 3 307
(1-42) (23-403) {(33-148) (11-120) (1-15) (0-41) {0-8) (84-768}
Boulder River-Station 040
Winter-09 52 344 319 119 i0 281 2 1128
(7-158) (120-641) (34-651) (29-244) (4-24) (2-855) (0-18) {249-1984)
Spring-09 36 255 486 121 11 62 2 973
(7-83)  (55-538) (146-1343) (11-332) (1-32) (4-112) (0-5) (238~2197)
Summer-06 26 35 213 220 10 30 3 537
(8-46) (21-54) (146-406) (68-402) (6-15) (8-65) (0-8) (291-820)
Fall =06 16 159 60 23 5 28 3 294
(5-28)  (66-349) (6-101) (3-60) (1-12} (0-78) {0-9) (97-550)

c-Three samples from May, 1972
stream bottom.

not included because they were taken from newly inundated
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Tahle 15 Continued.

Mean and range {in parentheses) of macroinvertebrates collected in one
square foot stream bottom samples for station on larager streams, 1970-

1974,
Plecop- Tricop- Ephemn- Dip- Coleop- Anne-
Season-N2  tera tera eroptera tera tera 1ida Qther Total
rillwater River - Station 034
Winter-09 36 170 239 121 7 69 6 695
(26-185)  {62-276) (169-329) {54-228) (3-11) (22-167) (0-16)  {386-1081
Spring-10 36 11 368 153 17 31 7 722
(12-68) (1-293) (108-577) (4-339) (0-48) (0-128) (0-26)  {158-1232
Summer-07 40 47 209 59 11 30 4 399
(17-66) (28-103)  (95-348)  (22-95) (5-24) {0-109) (0-9) (194-634)
Fall -06 50 225 143 85 10 27 5 545
{36-86) (51-425) {110-191) {46-121) (1-19) (0-67) (0-13)  (291-785)
West Rosebud River - Station 004
Winter-06 22 49 148 3 1 22 ! 246
(14-50; (23-108)  (34-214) (2~5) (0-4) (11-31) (0-1) (124-376)
Spring-10 21 58 109 13 2 102 10 315
(4-40) (5-162)  (12-219) (6-20) (0-8) (0-259) (0-62) (72-627)
Summer-07 14 14 27 13 2 43 <1 112
(3-28) (1-64)} (9-62) (5-49) {0-4) (1-102) (0-2)} {31.224)
Fall -06 13 29 92 7 p 25 1 170
{6-34) (12-62) (36-164) (3-16) (0-4) {(4~81) {0-3) {66-340)
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Table 16, [lumber and volume (in parentheses) 0of macroinvertebrates cnllected in
square foot stream bottom samples for stations on tributary streams,
summer, 1972-73.
Date Plecop~ Tricop- Ephem-~ Dip- foleop-  Anne- Gther Total
tera tera erpoptera tera tera 1ida
Morris Creek-Station 014
§-72 3(T) 121(.2) 62{.1) 25(.1) 29{.1) 3(T) { 243(.5)
8-72 35(7) 62(.1) 95(.2) 25(.1) 21(T) 3{T) { 241(.4)
8-72 12(T) 28(.1) 23(.1) 14(.1) 11(.1) UT) 0 89(.4)
Fast Fishtail Creek-Station 012
8-.72 58(.2) 61(.3) 53(.1) 46(7) 5(T) 301(T) 62{.1) 586(.7)
8-72 31(T) 62(.2) 14(.1) 34(T) (1) 65(T}) 21(.1) 231(.3)}
872 56(T) 50{.1} 68{(.1) 108(T) 19(T) 215(T) 97(.2) 613(.4)
8-73 19{.2)} 27(T) 119(.2} 6(T) 7{T} 81(T) 50(.2) 309(.6)
8-73 18(.1) 27(1) 120(.1) 27(T) 38(.1) 49(7) 55(.2) 334(.5)
8-73 29(T) 28(.2) 102{.1) 19(T) 5(T) 29(7T) 15{.1) 227(.4)
Wwest Fishtail Creek-Station 013
8-72 43{T) 61(.3 59(.1) 168(T) 1{T) &3(T} 47(T) 422{.4}
8-72 33(.1) 23(.1) 32(T) 23(T) a4{T) 103(T) 6(7) 224(.2)
8-72 37(.3) 50(.1) 44(.2) 29(.1) 2(T) 97(T) 32(T) 291(.7)
8-73 63(.2) 66(.1) 109(.4) 92(T) A(T) 96(T) 39(.1) 469(.8)
8-73 53(.7} 74(.3) 112(.4) 86(T) 5(T) 129(.1) 44(.1) 503{1.6)
8-73 25(.1) 19(.1) 28(.3} 18(T) 3(T) 131(.1) 26(.1) 250(.7)
Little Rocky Creek-Station 015
8-72 41(.1) 60{.7) 129(.5) 22(.1) 2{T) 167(.1) 14(.1) 435(1.6)
8-72 17{.1) 11{(.1) 47(.4) 3(T) a4(T) 10(T) 0 92(.6)
8-72 62(.1} 27(.1) 74(.4) 10(T) 6(7) 127{7) 4(T) 310(.6)
7-73 26(T) 29(.4) 42(1.1) 0 7{7) 32(7} 7(T) 143(1.5)
7-73 29{T) 20{.2) 29(1.3) 1T} 4T} 29(T) 4{.1) 116{1.6)
7-73 59(.1) 52{.8) 53(.5) 21(7) 5(T) 58(7) 11(7) 259(1.4)
Verdigris Creek-Station 043
8-72 0 0 0 1(T) it 0 0 1T}
8-72 0 2(T) 0 Hmn 0 0 0 3(T)
8-72 1T} 0 ¢ 0 it i 0 1{T)
Mountain View Creek-Station 044
8-72 3T 7(.2) 23(.1) 16(7) 2(T) &( .1} 0 55(.4)
8-72 21(T) 6(T) 27(.1) a(T) (a 0 0 58(.1)
8-72 10(7T) 5{.2) 27(T) 2(T) 0 0 G a4(.2}
7-73 0 10{.2) 30(.3) 10(T} 0 G 1{7) 51(.5)
7-73 10(T) 9(.2} 46{.3) 1(T) 1(T} 0 0 67{(.5)
7-73 9(T) 14(7) 26(.1) 10{T) 0 2{T} 0 61(.1)
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Table T8 continued. Number and volume (in parenthéseé) of macroinvertebrates collected in
one square foot stream bottom samples for stations on tributary
streams, summer, 1972-73.

Date Plecop- Tricop- Ephem- Dip- Coleop-  Anne- Other Total
tera tera ergptera tera tera 1ida

Picket Pin Creek-Station 020

8-72 38(T} 4(.1) 127(.3) 88(T) 2{T) 8(T) 58(.1) 325(.5)
B-72 32(.1) 6{T) 295(.7) 118(.1) 8(T) 33(T) 102(.2} 594(1.1
8-72 58(.1) 6(T) 303(.7) 87(.1) HU 35(T) 90(.1) 539{1.0
7-72 31(T) 6(.1) 68(.2) 26(.1) 3(T) 110(T) 22(.1) 266(.5)
7-72 20(.1) 5(.1) 169(.5) 12(T) 0 46(T) 38(.1) 200(.8)
7-72 107(.3) a(.1) 122{(.3) 66(T) 2{T) 333(.1) 86(.3) 720(1.1
| Lower Deer Creek-Station 021
8-72 4(T) 14(T) 50(.1} 5(T) 5(T) 5(7) 5(T) 88(.1)
8-72 13{T) 11(T) 57{.1) 1{T) 3(T) 2(7) 4{7) 91(.1)
8-72 33(7T) 8(.1) 80(.1) 7(.2) 18(T) 10{T} 10(T) 166(.5)
Upper Deer Creek-Station 022
8-72 42{.2) 62(.3) 97(.3} 71(.2) 37(T} 57(T) 3{7) 369(1.0)
8-72 23(.1) 128(.4) 175(.4) 73(.8) 39(T) 47(T) 5(T) 490(1.7)
8-72 26(.1) 130(.2) 131(.4) 53(.3) 43(.1) 23(T) 6(T) £12(1.1)
East Chippy Creek-Station 027
8-72 20(T) 5(T) 75(.1) 4(T) 0 27(T) 0 131(.1)
8-72 22(T) 5(.1) 160{.1) 6(T) 0 (1) 2(T) 196(.2)
8-72 45(T) 8(.1) 168(.1) 10(7) 0 89(T) 2(T) 322(.2)
8-73 163(.1) 8(.2) 94(.3) 13{T) 0 140(T) 6(T) 424(.6)
8-73 27(7T) 7(.1) 48(.2) 4(T) 0 23(T) 2(T) 111(.3)
8-73 12(T) 3(T) 69(.2) 3(T} 0 27(T) 0 114(.2)
Blakely Creek-Station 024
8-72 2(T} T 10(.1) (T} s 0 7(.1} 21(.2}
8-72 0 0 36(.1) 5(T) 0 0 3{T} 44{ .1}
8-7¢2 24(.1) 5{.1} 26(.1) 18(T) o 0 4z2{.4} 115(.7}
8-73 119(.2} 13(.1} 156(.5) 47(.2} 0 23(T) 36(.2) 394(1.2
8-73 125(.2} 15(.2) 181(.6) 15(T) 0 7(T) 51(.3) 394(1.3
8-73 148(.1) 12(.1) 113(.5) 30(T) 0 3(T) 26(.1) 332(.8)
Great Falls Creek-Station 026
8§-72 6(T) 4( .4} 91(.2) 1{T) 0 0 0 102(.6)
g-72 8(.1) 5(.3) 67(.3) 3(T)} 0 0 Un 84(.7)
8-72 18{.1} 2(.1) 119(.7) 4(T) 0 (1) 1T 145(.9)
8-73 12(71} 1) 121(.2) 2(T) 0 14(T) 0 151(.2)
8-73 5(T) &P 73(.1) 7(7) 0 0 5(T) 91(.1)
8-73 10(7) 6(.1) 57(.2) 8(.1) 0 5{T) 5(T) 91(.4)



Table 16 continued. Number and volume {(in parentheses) of macroinvertebrates collected in
one square foot stream bottom samples for stations on tributary
streams, summer, 1972-73.

Date Plecop- Tricop- Ephem-~ Dip- Coleop-  Anne- Other Total
tera tera eroptera tera tera tera

Falls Creek-Station 027

8-72 6{T) 22(.1) 97(.8) 9(.1) 0 8(T) 0 142(1.0)
8-72 13(T) 16(T) 52(.3) 7(T) 0 1T) 0 89(.3)
8-72 31(.1) 15(.2) 118(1.0) 20(T) 5(T) 6{T) 0 195(1.4)
8-73 23(.1) 2{T) 62(.1) 27(.1) 0 25(T) 0 139(.3)
8-73 18(.1) 2(.1) 45(.1) 3(T) 0 3(T) 1{T) 72(.3)
8-73 11(T) 3(.1) 40(.2) 8(T) 0 2{T) 0 64(.3)
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The generally pollution sensitive orders, Plecoptera, Tricoptera, and Ephemeroptera
typically constituted the bulk of organisms in bottom fauna samples (Tables 15 and 16}.
These three orders usually made up 60 to 90 percent of organisms in samples.

Variability in numbers and volume of bottom fauna was high at most stations, but
probably no more so than is characteristic of these organisms. HNeedham and Usinger (1956)
took 100 one-square-foot samples from a single riffle. Numbers of organisms per sample
ranged from 2 to 198. Data of the study are probably less variable than that reported

by Needham and Usinger {1956), Overall numbers of organisms per square foot tended to
reach highest levels in winter and lowest Tevels in summer (Table 15).

Dent {1971) has also sampled bottom fauna in the same streams and at some of the

same stations reported in this study. He used a Surber sampler and reported consistently
fewer numbers of organisms per square foot than found in this study. For comparison, the
following are average number of organisms per square foot in October 1971 for stations on
nearby portions of the Stillwater, West Fork Stillwater, East Boulder, and Boulder Rivers,
respectively (data of Dent, 1971, given first): 83 and 267, 84 and 246, 91 and 739, 106
and 402. At the same station (031) on Little Rocky Creek, the corresponding numbers are
36 and 156. Dent's (1971) data are similar to that of this study in proportions of insect
orders present in the various samples.

In personal correspondence with Mr. Dent, he stated that he had begun using a sampler
similar to that used in the study, and that the number of organisms in samples was
considerably larger than the number in sampies taken with the Surber sampler.

tow numbers of organisms in May 1872 for some station on the Boulder River, and for
station 035 on the Stillwater River {Appendix A) were probably caused by sampling on newly
flooded stream bottom. Streams were rising rapidly at the time May 1972 samples were
collected.

Almost complete absence of organisms in samples from station 043 on Verdigris Creek
(Table 16) is likely due to previously discussed adverse chemicail conditions.

A limited amount of invertibrate identification has been done for samples from the
West Fork Stillwater and East Boulder Rivers by Department of Fish and Game personnel and
a consultant, Most insects could be identified only to genus. Non-insect organisms
generally could be identified only to family or order. Hopefully, additional work on
identification will be done and presented in a future report.

Fish Populations

Tabie 17 is a summary of physical characteristics, fish species captured, and fin
clips made on fish in stream sections., These sections were used for estimation of fish
population parameters.

Fish population data are given in Tables 18 and 19. Estimates for some species shown
in a previous report (Stewart, 1973} are not shown in these tables because reexamination
of the data indicated that the number of recaptured fish was not sufficient for a reliable
estimate. Some estimates made in 1971 and 1972 differ slightly form a previous report
(Stewart, 1973). These differences are due to recalculation of the estimates using a
slightly refined computer program.

Hatchery fish were captured in small numbers in only two Tocations despite the fact
that they are stocked in all of the larger streams. A few hatchery rainbow trout were noted
in section F-2, Stiliwater River in 1973, but not in 1974, Hatchery cutthroat trout are
present in the upper reaches of the East Boulder River where fish were not present before

these were stocked,
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Fetimates were not made for species captured infrequently. Underyearling and
yearlting fish were always present in the stream sections, but electrofishing gear
samples there fish very inefficiently. For this reason estimates were often not made
for underyearling fish. Estimates are not shown in some cases for yearling fish for
this same reason {Tables 18 and 19).

Fish ages shown in Tables 18 and 19 are equal to numbers of annuli on scales,
Except for fish captured in June when annuli were formed, fish had experienced some
portion of a growing season beyond the indicated age. Growth rates, while generally
slightiy slower than state averages reported by Brown (1971), are commensurate with the
relatively low summer water temperatures and short growing seasons.

Standing crops of trout in pounds per acre (Tables 18 and 19) on larger streams
are somewhat lower than those reported by Vincent (1969) for rivers in southwestern
Montana. Some of the tributary streams had moderately high trout standing crops.
Carlander (1953) reports standing crop values for trout streams in North America to be
largely in the range of 10 to 150 pounds per acre, with an approximate median of 60.
Compared to Carlander's (1953} data, standing crops of trout in streams of this study
range from moderately low to high.

Total estimates in Tables 18 and 19 suggest considerable variation in standing
crops of trout from year to year in many of the stream sections, This may be misleading.
In 1973 and 1974 an estimate for yearling or underyearling fish was added in the total
estimate, if adequate numbers of fish were sampled. In 1972 an estimate for these
younger Fish was often lacking in the totai estimate, because adequate numbers were not
sampled. Also, a consideration of confidence limits minimizes apparent differences in
standing crops between years. For example, on Section F-1, Stillwater River, the mean
total estimates of brook trout for 1972 and 1973 were 422 and 800. However, by considering
the highest probably value in the 1972 estimate (612), and the lowest probable value 1in
the 1973 estimate {597), it is evident that there is overlap in the ranges of probable
fish numbers for the two years, However, even with these considerations there are definite
differences between the two years in some stream sections for numbers of underyearling
and yearling fish,

There was generally good agreement between average lengths of year classes from year
to year (Tables 18 and 19). For the few cases where differences were relatively large,
average sizes were calculated from very small samples of fish.

Age structures in Tables 18 and 19 were mostly typical. Some of the small imbalances
can be explained on the basis of confidence intervals, but larger imbalances are probably
real. These imbalances can occur by differential year class survival and migration, but no
certain explanation can be confidently advanced.

Almost no movement was noted from one stream section to another from year to year.
Minor exchange of fish occurred only between sections on Fishtail Creek (F-11), East
Fishtail Creek (F-9), and West Fishtail Creek (F-10). These sections are close together,
Fast and West Fishtail Creek sections are spearated by only about 500 yards. The Fishtail
Creek section is approximately 1.5 stream miles from the other two.

A complicating factor has been introduced on Section F-2 of the Stillwater River, 1In
March 1973 over one-third of the length of this section was modified by adjacent tandowners,
largely by pushing streambed gravel onto streambanks. Part of this modification occurred
a few days prior to the 1973 fish population estimate, and part of it while the estimate
was being made. From 1972 to 1974 pounds per acre of brown trout has gone from 20.6 to
15 to 8.7: the corresponding figures for brook trout are 2.3, 2.7, and 0.9 {Table 18).
Numbers of oider fish show the greatest decrease.

- B4 -



Fish populations were also investigated where estimates were not made (Table 20).
This work was done to determine species present and to get rough information on fish
numbers. In the smaller tributary streams fish tend to be present in small numbers
only near the mouth, if they are present at all. Silver Creek is the exception. Here
fish are present from the mouth upstream to springs which are the source of the stream.
Upper reaches of most smalier streams are extremely steep, becoming a series of cascades
and plunge pools. Some of the small streams accessibie during winter were checked for
water flow near the mouth following severe weather., Verdigris and Initial Creeks were
dry, Cathedral and Falls Creeks had water flow.

Cutthroat trout were stocked in upper Iron Creek and the East Boulder River in
Placer Basin in 1971, when other Fish and Game Department personnel found that fish
were not nresent, Considerable electrofishing in Iron Creek in 1974 did not recapture
any of these fish or their offspring. A few of the Tish planted in the Upper East
Boulder River are still present, but their numbers seem to be decreasing and no evidence
of reproduction has been found (Table 20). A single hatchery cutthroat trout found in
the mouth of Forge Creek was from the plant made in the Upper East Boulder River,

Fish Population Stability

Stability (defined in Table 21) percentages for nine stream  sections where data
were sufficient to make the appropriate calculations are given in Table 21, Stability
for all stream sections and species averaged 55 percent for 1972 to 1973 and 59 percent
for 1973 to 1974. These percentages indicate that the majority of fish in stream sections
are resident fish and not merely passing throuagh the sections at the time of electrofishina,
Precision of the stability estimates is similar to the precision of population estimates
(Tables 18 and 19) which were used in the calculation of stability.

Metals Concentrations in Fish Muscle Tissue

Concentrations of various metals in fish muscle tissue are shown in Table 22. In
general the precision of the determinations is plus and minus the detection Timit. The
mercury concentrations are mostly Tow and probably represent natural background Tevels
in fish muscle for this area. A comprehensive examination:. of Titerature concerning
natural levels of metals in fish tissue has not yet been made. However, it was the
opinion of Environmental Protection Adency personnel that the Tevels of metals were well
below values that could be hazardous to humans consuming the fish,

Additional samples of fish for metals analysis have been collected from three locations
on the West Fork Stillwater River, and one location each from the Stiliwater, Boulder,
and East Boulder Rivers. The analysis of these fish has not been done, Results will be
included in a future reporti.

Trout Egg Bioassays

Overall average survival of eyed trout eggs placed in artificial redds (Table 23)
was considerably higher in 1973 and 1974 {83 and 81 percent) than in 1972 (45 percent).
Differences in conditions and procedures between the years were: rainbow trout eggs
used in 1973 and 1974 and cutthroat trout eggs in 1972; gravel chips placed in egg
containers in 1973 and 1974, but not in 1972; September - October incubation in 1973 and
1974 and April - May incubation in 1972, The second factor may have had some importance,
but the last seems most significant.

Water temperatures were probably more favorable during the September - QOctober
period, Although maximum-minimum thermometers were used at some of the stations only
in 1974, spot measurements with a pocket thermometer in 1972 and 1973 showed considerable
periods of water temperatures in the suboptimal range of 329F to 399F in 1972. In 1973 no

- 65 -



- §°¢ T qnyg exe’ 079
- - 0 - 00s
- - 0 - 004
- - a - 0281
- - 0 - 0001
- - 0 - 0481
- - 0 - 004
- - 0 - 006G
- - 0 - 004
- - 0 - 009
. - 0 - (0%
- G°6-0"% ¥ pui
- 2’9 1 ngut
- L'8-§"9 i ad
AR L2167 t T 004
- - 0 - oY
A ¢'g-9'¢ T q3 004
21 £ 9-0"y £ 43 004
- - 0 - G0G
- 8¢ 1 q3 009
1 7€ 1 1
AR 8 [-["¢ 6 R 0001
(1994)
(s)ebe (sayout) aubneo satoadgl yrbuag
YStd abued ABQUNY uotloss
ubus Weauis

0¢
| ¥4

0¢
8¢

€2°22
q1
ot
T4
LE
62
1¢

361
351

341
341

341
361
391
391
391
391
391

391

391
391

391

391
391

391

20p(Q 8soubuoi=pun
$4930ns 2soublLOT=NSKT $IN0OAL UMOAg=TT $1N04L 004g=G3 IN0J| 1B04YIINI=1) 1IN04]L MOQULRY=qY :S4e SUOLIBLAS.AqQY -B

S S3eT M3LA Ulelunol jO 13(3Nn0
SS ynow aa0qe Sajtd G/°Q
Yoed] Molj ULRIUNOW
X uessob @A0qe 2J4BA[ND pooM JBBU
S5 oW J4esu
}894] SLADLPIj
N uLseq aAN JBMO|-3o9d7]) 9AN
N yanow Jeau-%3ady 9AN 4Yinog
56 BULSSOMD PEOJ JBBU Yu0) 3583
55 UINoW 4B3L Y40} 1587
S BULY MOQuag SAOQR Y}A0F 159N
e YInow JB3U RA0) 3ISIN
N duey adLAadeg 158404 g€
Sy yinow Jesu
}ead) Ay00Y 2133117
N YINouW SA0Qe SIL LW G'¢
N ajebpesay yolLlp AedU
qooud) LEBIYSLY 1S9M
5 yinow Jaesu
3404 3SSM JO 3404 1Se]
gG yinow 3A0ge SolW §°Q
Ne yznow J4eau
4404 GS3M JO 440} 1SBM
N Yanow J4edu Jd04 3S3M

§994] [1214Std 1583

1 u013dLADSOD UOLIED0] puR weadls

‘BULYSL404109]9 ABAURS JO ST|NS9Y

02 @lqel

- 66 -



- - 0 - 00%
- - 0 - 0081
- - 0 - 004
+G 2 1 11
AR £ I1-2'v G pLAGAY 1D-0Y
AR TR L°8-8°¢C b Gy 004
AR AEAR G'11-6°¢€ Le qy 009
AR RAN 8'01-L7¢€ 6¢ ay 00§
- - 0 - 00§
- - 0 - 004
- - 0 - 00%
vee v6-2°L £ QY 0se
AR G'01-¢£°4 £ qy 00§
Z '8 1 43
17 ¢ 1 PLAGAY 9¥-30 00§
- G'q 1 gy 006
- - 0 - 006
- - 0 - 00s
- - 0 - 005
- - ¢ - 0001
- - 0 - 00§
AR ¢ 11-9°¢ A Gy 0091
- AR I q3
- 8°9-0°G i 11 00<
- 6°9-1°¢ L1 1 0G¢
- 6'e-€°¢t l q3
- g'6-£°¢ 1€ 1 oSy
(3357
{s)obe (seyoui)  1ybnes satoads  yibuoy
Ustd abued Aaquny U0E3098
yrbusn URa43g

G¢ £
S¢ EI
9¢ 3¢l
vl et
A vt
a1 Eial
g vt
£ vt
€ vl
£ vl
4 art
9e ElA
1 kit
AR vt
L vt
L vl
g vt
11 vt
11 vt
91 351
91 351
91 351
S d

S¥
St
S¥

Sv

SG
SG

SS
S5
S§
SS

St

SS
S§
S§
SS

SS

S§
5§

5§
S§

S§

"uLbrao Lusydiey 40 ysigf-q
BuLssoud peou MOIBG 3| LW duo

¥o847 83| UMOLg SA0GE 9] LW JUO
#PDUY DILUMOLG ABBU

%8947 uokur) Jesu

4BALY J3plnog 3s5e]
abptJ4g aaoqge asnl
4294 [BLILUT MO|8q SoflWl g7

JOALY J2]eM|[L2S HU04 FSoM
e Uld 31@40Ld YINOS 40 33[3In0
YINoW Jdedu J404 YJJON
YInow J4esu 3404 Yanos
BULSSOUD prOJ JB3U
LLEumeS Lo Mo DG Sa LUl §°1

N924) Udg JPIgG JEeBu

A9 Uld 39401d

AN 4Bau Yood) |edpayrer

Uanol JAesl 3994y [eL3Lu]
YInow J4esu %40} Yl4ON
UINOW JBBU JU04 YInog

ULPIUNOW UOUT 40
15e9 S| LU 2 MOpeaw
4Inoll 8A0Ge 8 LW BUD
yanolw aA0ge SRLLW §*Q

S Yod) UoJ]

YINOW SAOQE SB LW GZ'(0 3404 YIAON
YInow 3A0qe St GZ°(0 3404 YInog

$3J40) 1$9M pue 1see molaq gsnl

P EENRIPEINES

UoL3d1ADS3p UOLGERO0| PUR WeSU]S

*BULYSE40UTD818 ABAUNS SO S]INSBY

pINULIUOD (G2 @lqel



¢ 1 L78-9°G ¥ 93
bL-91-4 £f2%1 0'g-17¢ 9 qd 006
¥/-91-G - a9 T q3 008
#£-€1-8 - - O - (0s
£L=12-9 - - 0 - 0001
-41-8 - - 0 - 00%
=12-9 - - 0 - 00¥
1 8¢ 1 g3
£/-12-9 £ez1°0 6°6-L"1 ¢ ad 0058
pL-61-8 - - 0 - 00%
PL~81-9 - - 0 - 0oy
7.-80-8 - - 0 - 00%
L -80-8 - - 0 - 00s
L ~90~8 - 96 T 10 00s
y/-61-8 - - 0 - 00§
vL-61-8 - - D - 00S
7/-10-8 - T°01 1 g}l 00s
b/ -02-8 - - 0 - 0%
v.~0¢~8 - - 0 - 009
YL-04-8 - - 0 - 00s
YL-10-8 - 801 T nwu 0041
2L-72-8 - /-9 v g4l 00s1
T (3955
aqeq ﬁmvmmm (sayout) 1ubnes sa1oadg yabuay
ustd abued ADQUINY UoL129s
yzBuan Weaudls

13
51

v
1

0E

9¢
9
I

e
le
9¢

4
¢
17

¥l
14!
y1°11
11
11

E 1A
Er4

3T
3€T
3El

€T
Et
i€l

3el
JET
el
Ei
£t

St
Syl

*utbrao Ausyoiey jo ustq =g

Jyoad9) SpLeq jesadn
Ynow 4eau-iyda4y sied
Y3nouw dA0qe
SOl 6T BULSSOUD [ 1B}
yanow Jesu

¥8947 weyedy
YInolW aA0Qe SBLLW 7
Ynow 2A0ge 3834 0001

yinow Jeau

PEENUINNER T
Yanow sAoqe sallu G°f
ynous Jesu

Joa4] Addiun 3se3l
Yanow 2A0Ge S| LW oMy
Yanow sA0ge af Ll U0
yanow Jeau

%8347 93 UMOUY
ynow Jeau %J40) Uanog
Yanow 4esu 304 YJA0N
urhou J4esu

%0949 abuaoy
yanow J4esu 340) 1S9y
Yanow J4eaU Hu04 3Se]
BuLss04d peOd BA0QE 3| LW BUD
buLssoud peod ulseg J4a0v|4
BuLss04n peod uiseg Jadeld

ponULIu0D J4BALY J3pinoyg 3se]

UOL3dLUAISOP UOLLRD0| pue Wesadis

*BULUSLI0MIDB]D ABAUNS SO SIINSS8Y "pBNULIUCD (7 I[qe]

- AR .



¢b ¢l el
o6 91 124
1 €1 144
18 £6 611
16 9¢ ER

08 8 1

8§ 8 a1

16 61 L8

€8 [e £y

48 134 901
98 L1 0¢
00T e €l g1
S g LE
0L a1 Ve
99 A 91
7S 1€ LL
0L €l 09

00t~ 81 7 €l 022 8

65 - 9¢ " 20¢ -

29 99 14! e a1t el

ve oy 9¢ b¢ 18 yel

Le o€ ¢l 21 vl 16

0¢ 9 G vE 09 v01
11 1 - 6< -
99 Ll A
89 ve 0y
56 61 1€
18 €e 19
L8 e 09
41 62 91

pi6l  €L61 yL6T €461 €L61 743!

(3usdaad) snotAsad aead Buo paJeu

ATLL1GR3S pexuew UsLd ASQUINN

40 s$8un3deosy

‘PRABPLSUOD pOLASd JBYJ 40} SUOLIR{NDLEY ATL{eTJOW YILM T+ 4BSA UL UOLIIDS
341 UL paULRWAL TRYL ¥ JBSA UL UOLIIDS WE3LIS Byl Ul quasasd ysis Jo abejuadaad 8Ul S8IRJLPUL “BUBY pPISh se ‘AJLiLgelg -w

ABPLO pue A
Al
ASD10 pue A
Al
11t
48pio pue 111
il
A3p10 pue Al
111
Ii
48P L6 pue TII
II
ABpLO pue Al
Il
11
48p|0 puell
111
43p |0 pue [} 11
I
48pL0 pue A] 48P0 pue Aj
i1l Ti1
11 11
48plo pue II] J49pio pue 111
11 -
J49p10 pue Al
111
43P0 pue Al
Il
ill
11
7461 £461
aby

1N04%
UMOUAG

1N04]
MoquLey
1n041
UMOUG

1N043
MoquLRY

1N04]
1204Y33n)

11047
UMOJA g
1N04] H00Ug

1n043
UMo4g

AN0AY
uMoug
1M047
UMOUg
1N04T
UMOAg
1N0U47

Moqu LRY
1No4]
%00ug

£1-4

L1~4

91-4

L4

t1-4
¢l-4

sataadg

8p0o
Uo 11088

JBALY 4spLNOg 35e]

ABALY UBIEM|11S
HA04 1SOM

$99u9 Uld 134214

NBBLAY ADALLS

ABALY J23BM| [ L1]S
FEERY
20y 8131317

48847 [ 1eIYSLy

N984Y SLAACH

MEENEES

*SU0L103S weadls ul suotie{ndod
ysid 40 mxuwwwn@pm pue ‘4aje| J4edak dUC $3un3deBU JO JBQUNU E/BT 40 2761 UL PIYJRW USLY 4O JAQUNN  "TE ILGR]

A0



P3P LSUCD poLdad eyl J404 SUOLIR|ND|ED AJL{RIJOW YILM °*T+¥ JBBA UL UOL}D3S
9yl UL pIULEWAJ 1RYY X 4BBA Ul UOLIDDS Wedadls ayl ui juesaud ysii jo sbejusoudd ay3 seyedLpul ‘addy pasn se ‘A3L[iqe3s -e

- 8 - 1 - A - 111

- A1 - 6 - vid - I1 3noay

- €¢ - 01 - 681 - 1 400449
v e 1€ L ?91 19 48pL0O pue AT 42p 0 pue Af
0c ¥ T i LT G¢ I11 111 noa}

8 1 e i moquley ¥-4 JOALY dSpnog

vi6T  EL61 _ 9l6T £L61 £L61 2L6] 7461 €461

Tudadued) snoLAsdd Jesk auo paydew aby 59109dg apod EEENES

iitaess paxJdel ysti JoquUINY uoilosg

40 saanjdedssy
"SU0L109S WeaJ3s ul suolie|ndod

USts 30 ,A3L[1QRGS PUB “UB)B| JBIK BUO SIUNIARIIL JO JIQUNU /6T 40 ZLET UL PIMBU YSLy 4O JBQUNN

"peNULIU0d Iz 2lqel

- 70 -



Table ?2. Concentration g/ gram wet weight) of metals in fish muscle tissue.

Length Weight
Speciesd {inches) (pounds} Mercury Copper Nickel Cadmium Lead

Fishtail Creek-Section F-11 - July 1972

RbD 4-5 - £0.05 0.4 2.4 0.1 4
Rb 6.5 0.10 .05 0.4 3.5 0.2 4
Rb 6.5 0.14 £0.05 0.2 1.0 0.1 £
Rb 6.8 0.12 £0.05 0.2 1.0 0.1 |
Rb 8.0 0.20 £0.05 0.2 8.5 0.1 <1
Rb 8.0 0.19 {0.05 - 0.5 Q0.1 4
Rb 9.6 0.32 £0.05 0.1 1.5 <0.1 %
Rb 10.0 0.38 {0.05 0.2 1.0 0.1 a
Rb 11.8 0.65 £0.05 0.1 1.0 0.1 a
Rb 13.0 0.78 {0.05 0.4 0.5 0.1 a
LLb 4-5 - {0.05 0.1 0.5 0.1 3]
LLb 4-5 - {.05 0.2 1.0 0.2 q
LL 6.5 0.10 £0.05 0.1 1.0 0.2 -
LL 6.6 0.10 {0.05 0.2 1.0 0.1 <
LL 7.0 0.11 Q.05 0.4 1.5 0.2 q
Ll 7.4 0.16 .05 - 0.5 0.1 4
L 8.8 0.22 .05 0.2 0.5 0.2 4
LL 9.3 0.32 {0.05 0.3 0.5 0.1 <
LL 9.7 0.34 0.05 0.1 1.0 <0.1 <1
LL 9.9 0.38 - 0.2 {.5 0.1 a
LL 12.0 0.64 - 0.4 0.5 <0.1 a
LL 12.2 0.72 £0.05 0.2 <0.5 0.1 <1
LL 12.5 0.80 <0.05 0.1 0.5 9.1 {1
LL 15.3 1.47 0,05 0.1 0.5 0.1 <1
Eb 7.5 0.20 <0.05 0.1 0.5 <0.1 <1
Eb 7.7 0.20 {0.05 <0.1 0.5 0.1 <1
Eb 10.7 0.50 £0.05 0.5 1.0 0.2 el
Wf 15.0 1.30 40,05 0.1 0.5 0.1 <1
Stillwater River-Section F-1 - May 1972
RbD $5.0 - {0.05 {.5 Q.5 0.2 {1
Rb 7.4 0.12 £0.05 0.5 1.5 0.2 a
Rb 7.8 0.14 {0.05 0.5 1.0 0.1 <1
Rb 7.8 - {0.05 0.5 1.0 0.1 <1
Rb 11.1 0.51 0.15 0.5 0.5 0.6 ¢
Rb 13.3 0.81 0.45 Q0.5 0.5 0.6 a4
LL 6.8 0.11 {0.05 0.5 Q.5 0.2 ¢
LL 7.1 0.13 {0.05 0.5 0.5 0.2 <1
LL 8.1 0.21 {0.05 0.6 0.5 0.5 a
LL 13.3 0.64 0.20 0.5 0.5 0.5 {1
LL 13.5 0.86 £0.05 0.5 3.5 €0.1 {1

a- Abbreviations are: Rb=Rainbow Trout: Eb=Broock Trout; LL=Brown Trout;
Wf=Mountain Whitefish
b- Composite of several fish
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Table 22 continued. Concentration (Mg/gram wet weight) of metals in fish muscle
tissue.

Length  Weight

Species® (inches) { pounds ) Mercury  Copper Nickel  Cadmium Lead Zinc

Stillwater River-Section F-2 - Apri], 1972

o Wt OO S oI O

[S 2 [ o]

(w5 4 N an

RbD  <6.0 - <0.05 1.1 1.6 0.6 2 28
Rb 7.5 0.15 £0.05 0.5 4.2 <0.5 <2 9.
Rb 9.0 0.28 <0.05 0.9 1.4 <0.5 <2 9.
Rb 9.1 0.30 <0.05 0.9 2.4 0.6 <2 7
Rb 9.7 0.38 .05 0.7 1.6 0.6 <2 5.
Rb 10.6 0.40 £0.05 1.1 2.6 0.7 £ 12
Rb 12.5 0.60 <0.05 0.5 2.0 1.0 & 4.
Rb 14.8 1.00 <0.05 0.9 <1.0 0.5 & 7.
Rb 15.3 1.22 <0.05 1.0 1.6 1.0 <2 7.
Rb 15.4 1.30 {0.05 0.5 <1.0 0.6 <2 4.
Rb 17.4 2.16 £0.05 1.4 {1.0 0.5 {? 7.
Ebb 46.0 - .05 0.6 1.0 <0.5 <2 13
Eb 6.3 0.12 <0.05 {0.5 1.4 0.5 {2 7.
Eb 6.4 0.08 £0.05 0.8 2.0 0.6 2 16
Eb 6.8 0.09 £0.05 0.7 <1.0 <0.5 {2 13
Eb 7.1 0.10 £0.05 1.5 1.0 .5 { 15
Eb 8.5 - 0.18 {.05 0.6 1.8 {0.5 <2 8.
Eb 8.8 0.25 {.05 0.7 1.4 0.6 {2 14
Eb 9.3 0.26 {0.05 0.7 3.4 Q.5 52 4.
Eb 11.1 0.40 <0.05 £0.5 2.8 0.5 {2 16
b <e.0 - <0.05 1.3 1.2 0.8 2 10
LE 6.4 0.13 <0.05 1.3 1.1 0.5 Q2 17
LL 6.4 0.08 <0.05 0.6 £1.0 0.5 {2 12
LL 7.8 0.20 {0.05 0.6 <1.0 0.5 {2 5.
LL 7.8 0.18 0.05 1.4 1.2 0.5 <2 16
LL 10.3 0.34 .05 <0.5 3.5 0.6 2 14
LL 10.3 0.35 {0.05 <0.5 4.0 0.6 (2 8
LL 10.8 0.44 €0.05 0.6 1.1 0.5 {2 4
LL 12.9 0.71 <0.05 <0.5 2.8 1.0 <2 16
LL 15.5 1.30 .05 0.7 1.3 £0.5 <2 4
LL 15.6 1.05 .05 0.9 <€.0 0.6 3 7
LL 15.7 1.22 {0.05 0.7 1.1 0.5 <2 4
LL 15.7 1.28 ©.05 1.2 <1.0 0.6 <2 22

a- Abbreviations are: Rb=Rainbow Trout; Eb=Brook Trout; LL=Brown Trout;
Wf=Mountain Whitefish
b- Composite of several fish
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Table 22 continued. Concentration (Mg/gram wet weight) of metals in fish muscie

tissue.
Length Weight
Species? (inches) {pounds) Mercury Copper Nickel Cadmium Lead
Stillwater River- Section F-1 (con'd)
EbD <5.0 - .05 {0.5 0.5 0.2 4
Eb 6.6 0.10 0.4 <0.5 {0.5 0.5 41
Eb 7.2 0.12 <0.05 0.5 0.5 0.2 <1
Eb 7.8 0.14 £0.05 - - - -
Eb 8.3 0.18 {0.05 3.4 1.0 0.3 4
Eb 8.5 0.21 £0.05 £0.5 0.5 0.3 1
Eb 8.6 0.20 0.05 - 1.0 - |
Wed <6.0 - 0.05 0.5 0.5 0.3 ¢
Wf 9.8 0.40 <0.05 0.5 0.5 0.6 <1
Wf 10.1 0.34 <0.05 0.6 1.0 0.5 ‘1
WF 10.9 0.40 <0.05 {0.5 Q0.5 0.5 41
Wf 11.3 0.38 {0.05 0.8 1.5 0.1 <1
Wf 12.6 0.59 0.05 <0.5 0.5 0.9 -
Wf 13.7 0.68 .05 0.7 0.5 0.3 4
W 13.7 6.70 £0.05 <0.5 1.5 0.7 4
Boulder River-Section F-4 - April, 1972
RP 5.0 - {0.05 0.5 0.5 0.3 4
Rb 5.6 0.05 0.11 0.5 0.5 0.7 1.5
Rb 7.0 0.15 <0.05 0.5 0.5 0.2 Q
Rb 7.1 0.15 <0.05 0.5 1.0 0.5 <1
Rb 8.3 0.21 0.05 0.5 1.0 0.3 <1
Rb 8.7 0.23 {0.05 0.5 P.5 0.1 {
Rb 8.7 0.22 <0.05 {0.5 0.5 0.2 A4
Rb 12.4 0.72 .05 0.5 2.5 0.3 1
Rb 13.4 0.88 {0.05 0.5 0.5 0.2 {1
Rb 15.4 1.35 <0.05 - - - -
Rb 17.5 2.05 {.05 0.5 1.0 0.5 1
Rb 17.7 1.96 .05 0.5 0.5 0.1 1
Rb 18.0 1.80 0.05 0.5 \0.5 0.1 <1
Rb 1.6 3.18 <0.05 {0.5 0.5 0.1 {1
EbD 25.0 - .05 0.5 0.5 0.3 <1
Eb 5.8 .07 0.05 Q.5 <0.5 0.1 {1
Eb 6.0 .07 <0.05 0.5 0.5 - a
Eb 6.1 .08 <0.05 0.5 0.5 <0.1 4
Eb 7.6 .13 {0.05 <0.5 {0.5 0.1 4
Eb 8.1 .14 .05 .5 <0.5 0.1 <1
Eb 8.7 .19 {0.05 {.5 0.5 0.1 {1
Eb 9.2 .22 .05 0.5 0.5 0.4 1
Eb 9.8 .30 0.05 0.5 0.5 0.1 4

a- Abbreviations are; Rb=Rainbow Trout: Eb=Brook Trout; LL=Brown Trout;

Wf=Mountain Whitefish.

b- Composite of several fish.
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Table 23. Percentage survival to hatching of eyed cutthroat (1972) and eyed
rainbow (1973,1974) trout eggs placed in artificial redds.

Date eggs Date eggs Percentage survival
Station placed in removed in eqg containers Mean
number redds from redds 1 2 3 Survival
East Rosebud River
001 4-20-72 5-15-72 51 39 33 41
001 9-19-73 10-04-73 96 91 81 89
028 4-20-72 5-15-72 43 - - -
028 9-19-73 10-03-73 80 98 73 84
West Rosebud River
003 4-20-72 5-15-72 27 34 34 32
003 9-19-73 10-04-73 84 76 79 80
004 4-20-72 5-15-72 69 63 62 65
004 9-19-73 10-03-73 97 90 89 92
Stillwater River
005 4-19-72 5-16-72 42 47 51 47
005 9-19-73 10-03-73 92 88 89 90
005 9-14-74 10-05-74 91 94 a3 93
006 4-19-72 5-16-72 7 - - -
006 9-19-73 10-03-73 85 86 89 87
006 9-14-74 10-03-74 85 90 96 30
West Fork Stillwater River
037 9-14-74 10-18-74 87 89 92 89
007 4-19-72 5-16-72 50 59 51 53
007 9-19-73 10-11-73 66 85 78 76
007 9-14-74 10-10-74 81 74 81 79
036 9-14-74 10-03-74 82 87 70 80
East Boulder River
038 9-14-74 10-23-74 83 57 61 67
061 9-13-74 10-17-74 73 68 57 66
008 4-19-72 5-17-72 40 - - -
008 9-18-73 10-08-73 66 78 85 76
008 9-13-74 10-14-74 g2 86 75 81
Boulder River
010 9-18-73 10-05-73 79 70 75 75
010 9-.13-74 10-09-74 85 84 81 83
011 9-18-73 10-12-73 90 73 81 81
011 9-13-74 10-14-74 87 81 78 82
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water temperatures below 40° F were observed, although they probably occurred for short
periods.

In 1974 max-min thermometers were used at some of the stations during egg incubation.
Also, eqgs were placed at some higher elevation stations that were not used in 1973. For
1974 at two stations where minimum temperatures did not go below 40° F, survival averaged
91.5 percent. For three stations where a minimum temperature of 36° F was recorded survival
averaged 81 percent. For ane station where the minimum temperature was 329 survival was
67 percent. [In conclusion, temperatures above 390 F seemed gquite important to survival to
hatching.

Effect of egg transport from hatchery to artificial redds was negiigible. Over 96
percent of control eggs, transported to the field but subsequently returned to the hatchery
for incubation, survived to hatching all three years.

Fggs in 1974 required several more days of incubation in artificial redds to reach
hatching than did eggs in 1973, Thic was due to the fact that 1974 eggs were taken from
the hatchery immediately after reaching the eyed stage, while those in 1973 were not placed
in artificial redds until three or four days after eyeing.

In 1972 spring runoff began the last few days that eggs were in redds. This caused
complete loss of eggs and fry at stations 010 and 011, and partial loss at stations 066,
008, and 028. In 1973 the small numbers of eggs (10 or 20) used in vials was not sufficient
to indicate complete hatching of eggs in screen containers. {Consequently, although all
eggs had hatched in vials, some screen containers were removed from redds before all eggs
had hatched. Had these eggs been left in redds until hatching, average survival at stations
005, 008, and 010 would have been 3 percent, 8 percent, and 6 percent higher, respectively,
than shown in Table 18. This problem was largely solved in 1974 by leaving screen containers
in redds for two or three days after all eggs were hatched in vials.

Fish Stomach Contents

Approximately 12 fish stomachs per stream section were examined from sections of the
Stillwater, Boulder and East Boulder Rivers. This analysis was made to determine organisms
which may be of special importance as fish food., A wide variety of organisms was found in
stomachs. No particular bottomifauna species appeared to be of great significance as fish
food. In stomachs containing several organisms itwo Or more species were always present.
Many more fish stomachs would have to be examined to reach any firm conclusion concerning
fish foods.

Stillwater River Headwaters Area

On July 27, 1972 cutthroat trout spawners were sampled with a seine in the inlet
ctream to Goose Lake (Figure 1)}. This stream is approximately 1000 feet long and connects
Goose Lake with Little Goose Lake, Eighty fish were captured, This number appeared to be
about half the fish present in the stream on that day. Fish ranged in length from 6.9 to
16.2 inches and from 0.11 to 1.35 pounds. Most females were ripe and some were spawned out,
Scales were coliected, but could not be aged with any confidence because scale circuli did
not form recognizable annuli in many instances.

Redds in the inlet stream were sampled on September 6, 1972, A11 live eggs had
hatched but fry were still in the gravel. No redds were found in the lower half of the
stream. Drainage from a pit dug on an adjacent mining claim had contributed silt to the
lower portion of the stream, but fine material was also present in gravels in the upper
portion. A total of 1168 dead eggs and live sac fry were removed from three redds. Overall
survival to hatching was 54 percent and varied from 1 percent to 84 percent for the three
redds. No reason for the large variability in survival was apparent,
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Acidic mine drainage originates from Daisy Pass area (FIgure 1). Water from many
seeps and springs in the disturbed area has pH values of approximately 2.5 to 4,0, with
some concentrations of over one hundred milligrams per liter of metals such as aluminum,
copper, iron, and zinc (unpublished data, Custer National Forest, U. S. Forest Service).
Little or no data was availabie, however, on affects of acid drainage on the upper Still-
water River.

Results of work done in this area in August 1972 are shown in Table 19. The pH had
reached 5.6 at the mouth of the unnamed creek (here called Daisy Creek) which drains the
area disturbed by mining activities. Values of pH in the Stillwater downstream from this
point were above 8.0 (Table 19). Metal concentrations had dropped to values probably not
accutely toxic to organisms at a distance of 0.4 stream miles below Daisy Creek.

Bottom fauna is depressed severely for at Teast 1.5 miles below the mouth of Daisy
Creek. The population recovers below the confluence of Goose Creek and the Stillwater
River (Table 24). Iron precipitate and other metals in the stream are the apparent causes
of depressed bottom fauna populations.

Fish were not found in the Stillwater River upstream from the acid drainage, nor 1in
Goose Creek before it empties into the Stillwater River. This apparent lack of fish can-
not be explained. The only fish captured in this area of the Stillwater was 6.5 stream
miles below the mouth of Daisy Creek (Table 24), Fish may be present farther up the
Stillwater River, but numbers are probably extremely low. Fish may not survive in many
streams in this area because of the high elevation, severe winter conditions, and unknown
put possibly very low water flow rates in winter,

RECOMMENDATIONS

General chemical and biological survey work over the whole mining claims complex is
largely completed. Recent developments by the Johns-Manville Company, including a 3,000
feet exploration adit on the West Fork Stillwater River and their purchase of a near-by
ranch,which could ultimately serve as a mill and tailings pond location, indicate that
work 4n 1975/1976 should center on the West rork Stillwater River and its tributaries
passing through the ranch.

This work should include detailed sampling at Jess widely separated stations than
have been used in the past. Chemical factors to be measured should include major ions,
dissolved and suspended metals, pH, turbidity, suspended solids, dissoived oxygen, and
metals in stream sediments. Biological work shouid include fish population estimates,
nacroinvertebrate sampling, metals analysis of fish tissue and egg bioassays. Any work
needed to make recommendations for minimum flows to protect aquatic Tife should also be
jone. A few max-min thermometer stations should be established and read weekly.

New mining claims were established in 1974, Some of these claims are on drainages
where no work has been done. A minimum amount of work should be done on these sireams
to complete the general chemical-biological survey of the mining ctaims complex.

Additional identification of stream macroinvertebrates should be done.
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Appendix A. Number and volume {in parentheses) of macroinvertebrates collected in one
square foot stream bottom samples for stations on larger streams, 1970-74.

Plecop- Tricop-  Ephemer- Dip- Coleop- Anne-
Date tera tera optera tera tera tida Otherd Total

Fast Rosebud River-Station 001

08-70 46 17 93 29 0 0 0 185
04-71  66{.5) 2 (TP 143(.2) 7 (T) O 0 0 218 (.7)
10-71  39(.2) 1 (1) 132(.5) 9 (.1) 0 0 1T) 182 (.8)
10-71 8(.4) 8(.2) 43(.1) 1 (1) 0 0 0 60 (.7)
10-71 72(.2) 3(.1)  141(.6) 4 (1) 0O 0 0 220 (.9)
05-72 11 (T) 2 (T) 81(.3) 12 (1) 0 0 3(T) 109 (.4)
05-72 15 (T) 1 (T) 27(.1) 7 (.3) O 0 5(T) 55 (.4)
05-72 3 (T) 2 (1) 22(.1) g (.2) 0 0 2(T) 37 (.3)
08-72  20(.2) 3 (1) 94(.2) 6 (TY O 0 0 123 (.4)
08-72  21(.3) 9(.2)  105(.2) 18 (.3) 0 0 0 153(1.0)
08-72  55(.3) 20(.1)  190{.1) 2 (1) 0 62(T) 0 359 (.6)
02-73  83(.4) 24{.2)  297{.9) 38(1.4) 0 0 2(T) 444(2.9)
02-73  102(.6) 18(.2)  377(.86) 28 (T)  4(T) 2(T) 0 531(1.4)
02-73  52(.1) 4(.1)  260(.8) 13 (1) 2(T) 0 0 331(1.0)
05-73  34(.1) 11 (1) 139(.4) 26 (.2} 2(T) 0 1(T) 213 (.7)
05-73  57{.2) 4 (T)  198(.8) 22 (.1)  UT) 0 4(T) 286(1.1)
05-73  59(.5) 2(.1)  228(.9) 19 (.7) 0 0 8(T) 316{2.2)
07-73 18 (T) 4 (T) 53(.3) 6 (T) O 0 0 81 (.3)
07-73  29(.4) 22 (T) 64(.7) 18 (.1} 0 0 2(T) 135(1.2)
07-73  53(.1) 11 {7} 103(.6) 17 {T) 0O 0 0 184 (.7)
10-73  26(.1) 0 122(.2) 10 (T) 0 0 3(T) 161 (.3)
10-73  61(.1) 3 {T)  188(.2) 24 (.8) 0 0 2(T) 278(1.1)
10-73  33(.1) 6(.1)  161(.2) 22 (.2 0 0 0 222(0.6)
East Rosebhud River-Station 049

08-70 47 0 95 17 0 0 0 159

04-71  23(.3) 57(.2)  149(.5) 12 (T)  2(T) 0 0 243(1.0)
10-71 5(.1) 16 (T) 83(.2) 5 (1) 0 0 0 109 {.3)
10-71 9(.2) 10 (1) 189(.5) 1 (1Y 2(T) 0 1(T) 212 (.7)
10-71  18(.5) 12(.1)  106(.3) 6 (T) 0 0 1(T) 143 (.9)

a-Inciudes Hydracarina, Hemiptera, Nematoda, and Turbellaria.
b-Trace.
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Appendix A. (continued) Number and yolume {in parentheses) of macroinvertebrates collected
in one sguare foot stream bottom samples for stations on larger streams,

1870-74.
Plecop- Tricop~  Ephemer- Dip- Coleop~ Anne-
Date tera tera optera tera tera Tida Qtherd Total

Fast Rosebud River-Station 078

02-72 20(.2) 100 (.7) 187 {.7} 39 (.2) 2 (T 9 (T} ] 357(1.8)
02-72 30{.1) 92{1.0) 172{2.9) 11 (.2) 1 (T) 10 (T) 1{T) 317(3.3}
ge-72 6 (T} 33 (.5} 191 (.4) 2 (7)) 0 1 (T) 0 233 {.9)
05-72 3 (T) 12 {.1) 78 (.2) 3 (T) 1 (T} G 0 97 {.3)
05-72 0 103 (.1} 26 (.1} 5 (T) 4 (T) 1 {T) T 140 (.2}
05-72 140.1} 17 (.1) 71 {.6) 3 (T) g 1 (T) { 106 (.8)
08-72 12(.1} 17 (.2) a0 (.2} 18 {T) 1 {T) § a 138 (.5)
08-72 3(T) 5 (T) 32 (T) 28 (.1} 1 (T) 8 (T) 0 77 (.1)
0R-72 1 (T) 8 (T} a3 {.1) 9 (T) 1 {T) 2 (T} 1({T) 65 (.1)
0e-73 26(.4) 38(1.2) 286(1.4) 12 (.2) 4 (T) 47 (1) 0 473(3.2}
02-73 19(.2} 104 (.4) 239{1.3) 14 (.2) 1 {7} 42 {T) 0 419(2.1}
02-73 28(.1) 136(1.8)} 212(1.3) 37 (.86) 2 (T) 62 (T) 0 477(3.8)
rast Rosebud River-Station 046
-10-71 17(.1) 62 (.2) 87 (.3) 10 (.1} g (T) 0 26{(T) 210 (.7}
i0-71 14(.3) 87 (.7) 94 (.2) 17 (.2} 10 (T) Q 35(T) 237(1.4)
10-71 25(.2) 99(1.1) 137 (.5} 16 (.2) g (T) 0 29(T) 314{2.0)
pe-72 13(.1) 25 {.1) 86 (.5} 2 {.1) 0 0 0 126 (.8)
02-72 28(.1) 50 {.2) 272(1.1) 2 (T) G 0 0 352{1.4)
0z2-72 14 (T) 71 (.3) 229 (.7) 1 AT 0 0 0 315(1.0)
05-72 6(.4) 159 {.5)} 141 (.5) 5 (T) 2 (T) 4(.8) ¢ 317{2.2)
05-72 g (T} 92 {.1) a4 (.4} 17 (1) 2 (1) 15 (T) 0 178 (.6)
05-72 12(.1) 36 (.3} 169 (.6} g8 (T) 1 {7} 0 0 226(1.0)
08-72 4 (T) 23 (.1) 76 (T) 46 (T} 1 (T} 3(T) 1] 153 {.1)
08-72 17 (T) 56 {.2) 153 (T) 61 (.1} 1 (T) 6 (T) 0 294 (.3}
08-72 23 (T} 30 {.1) 136 {.1) 28 (.2) 6 (T) 2 4T) 2{T) 227 (.4}
02-73 36(.2) 48 (.2) 205(1.0) 20 (.8) 0 37 (T) IED) 347(2.2)
02-73 9 (T) 15 (.1) 195 {.8) 52(1.7) 0 G 0 271(2.6)
02-73 25(.4) 45 {.3) 134 (.7} 46{1.3) 1(7 g (T} 3{T) 263(2.7)
05-73 5(.1) 87 {.7] 74 (.3]) 43 {.2} 1 (T) 148 (T) Q 358(1.3)
05-73 7(.1) 90 (T) 146 (.2} 30 {.1) 7 (7T} 278(.1} § B8 (.5}
05-73 24(.4) 32 (T} 84 {.2) 21 {.1) 5 (T) 28 {T) 0 194 {.7)
08-73 g8 (1) 16 (.1) 63 {.1) 47 (1) 0 1 (T} 0 138 (.2)
08-73 7 (1) 21 {.1) 95 {.2) B2 (.1) 4 (T} 1 (T) 0 210 (.4)
08-73 18(.4} 95 (.5) 148{(1.4) 59 (.2} 7(.1) 19 (T) G 346{2.6)
10-73 34(.1) 177 (.7} 154 (.1} 21 (.7} 7 (T) 158 (T} 2{T) 553(1.6}
i0-73 38(.4) 145 {.6) 182 (.1} 18 {.1) 3{T) 153(.1} 2(T) 541(1.3)
10-73 33(.1) 72 (.1} 130 (.1} 20 {.1) 15 {7} 113 (T) 1(T) 384 {.4)

a-Includes Hydracarina, Hemiptera, Nematoda, and Turbellaria.
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Appendix A. {continued) Number and volume (in parentheses) of macroinvertebrates collected
in one square foot stream bottom samples for stations on larger streams,

1970-74.
Plecop- Tricop-  Ephemer- Dip- Coleocp- Anne-
Date tera tera optera tera tera 1ida Other? Total .
West Rosebud River-Station 003

08-70 50 3 102 31 4 5 2 197

04-71 18(.1) 17 (.3)  103(.3) 13 (T) 2 (T) 0 63(T) 216 (.7)
10-71 37(.1) g (.1) 106(.3) 4 (T) 3 (T) 18 (T} 0 176 (.5}
10-71 59(.4) 16 (.1) 260(.2) 9 (.1) 5 (T) 71 {T) 0 420 (.8)
10-71 62(.3) 27 (.2} 249(.3) 5 (.1) 1(.1) 15 {T) 0 359(1.0)
02-72 60(.7) 41 (.7) 288(.7} 15 (T) 4(.1) 20 (T) 4(T} 432(2.2)
02-72  155(.3) 32 (.4) 400(.8) 49 (.1) 7 {T) 54 (T) 0 697(1.6)
02-72 24(.2) 23 (.3} 350(.6) 4 (.1) 5 (T) 3(T) 0 409(1.2)
05-72 8 (T) 11 (T) 55(.1) 23 (.1) 13 (T) 98 (T) 0 208 (.2)
05-72 20{.1) 10 (T} 146(.3) 24 (.4) 0 26 (T) 0 226 (.8}
05-72 19{.1) 10 (T) 110(.6) 18 (.1} 8 (T) 116 (T) 0 281 (.8)
08-72 94{.1) 2 (T 59 (T} 16 {.6) 3 (T) 91 {7T) 0 265 (.7)
08-72 28(.1) 1(.1) 86(.1) 5 (T} 0 1(T) 0 121 (.3)
08-72 60(.2) 5 (T) 162(.1) 6 {.1) 0 95{(.1) 0 328 {.5)
02-73 33(.1) 14 (.2) 87(.3) 8 (.1) 5 (T) 21 (T) 0 168 (.7}
02-73 41(.3) 14 (.2) 152(.5) 37 (.4) 14 (T) 90 (T) 0 348519@)
02-73 163(1.1) 66(1.7) 577(1.9) 46 {.2) 10(.1) 149 (T) 0 1011(5.0)
05-73 17(.2} 20 (.3) 89(.4) 18 (T) 2 (T) 50 (T) 5(T) 201 {.9)
05-73  99(1.4) 95(3.2) 311{.6) 45 (.2) 7 {7} 61 (T) 0 618(5.4)
05-73 36(.4) 62(1.2) 136(.8) 32 (T) 6 (T) 33 (T) 3(T) 308(2.4)
07-73 40(.5) 6 {(T)y 111(.2) 11 (.2) 6 (T) 19 (T) 0 193 {.9)
07-73 23(.1) 2 (T 29(.2) 6 (T) 1 {T) 13 (1) 1T 75 (.3}
07-73 26(.3) 2 (T) 57(.6) 9 (.1) & (T) 66 (T) 0 164(1.0)
10-73 70(.1) 49 (.5) 201(.2) 4 (.2} 5 (T) 32 (T) 0 361(1.0)
10-73 110{1.1) 38 {.4) 207(.1) 16 (.3} 3(T) 48 (T) 4(T) 426(1.9)
10-73  112(.3) 60 {.3) 135{(.1) 9 (.1) 7(.1) 45 (T) 1UT) 369 (.9)
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Appendix A. (continued) Number and volume {in parentheses} of macroinvertebrates collected
in one square foot stream bottom samples for stations on larger streams,

1970-74.
Plecop- Tricop-  Ephemer- Dip- Coleop~ Anne~
Date tera tera optera tera tera Tida Other? Total
West Rosebud River-Station 004
08-70 28 64 62 45 4 i6 1 224
04-71  39(.4) 123(1.0) 219 (.7) 6 (T) 4 (T 0 62(T) 453(1.2}
10-71 6(.1) 12 {.1) 48 {.1) 3(T) 1(T) 11 (T) 0 81 (.3}
i0-71 7 {T} 14 {.1) 36 (.1} 5 (T) 0 4 {T) 0 66 (.2)
10-71 34 (T) 20 (.2) 97 (.2) 10{.1) 3(.1) 9 (T) 0 173 {.6)
02-72  14(.1) 23 (.1} 162 {.5) 2 (1) 4 (T) 29 (T) 0 234 {.7)
02-72 18(.1) 28 (.2) 107 {.5) 2 (7) 2 (T) 25 (T) 8 182 (.8)
02-72  16(.2) 108 (.5) 214 (.8) 2(.1) 1 (T} 11 (T) 0 352(1.6)
05-72 4 (T) 6 {.1} 14 (.1)  11(.1) 1 (T) 35 (T) 1{T) 72 {.3)
05-72 7 (1) 5 {.1) 45 (.3) 20(.2) 0 19{.5) 0 96(1.2)
05-72 5 (T) 8 (T) 12 (.1)  17(.4) 1(T) 52 (T) 2(T) 97 {.5)
08-72 21 (T 1 (T 30 (T 6 (T 4 {7
g8-72 17 %?3 3 E?; 38 ET} 7 ET; 1 ET} 16% E%} 8 %gg ((%§
0g8-72 16 (T) 7 (.1) 21 (.1) 6(.1) 1 (T} 75 {T} ¢ 126 (.3)
02-73 22 (T) 43 (.1) 107 (.4) 5(.1) 0 31 {T) 1(7) 209 (.6}
02-73  50(.1) 35 (.1) 266 (.9) 3 {(T) 2 (T) 20 (T) 0 376(1.1)
02-73 14 (T) 54 {.1) 34 {.2) 5(.3} 0 17 (T) 0 124 (.6)
05-73  10{.2) 45 (.6) 137 (.3)  11(.1) 8 (T) 106 (T) 0 317(1.2)
05-73 40(.1) 162 (.2) 151 (.7} 9{.4) 2 (T) 259(.1) 4(T) 627{1.5)
05-73 40 (T) 57 (.1) 182 (.6} 18(.1) 2 (1) 241 (T} 2(T} 542 {.8)
08-73 4 (T} 3 (7) 13 (.1) 5 (T) 0 23 {T) 2(T) 50 {.1)
08-73 3 (T) 6 {7} 9 (.1) 9(.1) 3 (7) 1(T) 0 31 (.2)
08-73 8 (T} 16 (.1) 18 (.1) 8(.1) 2 (T) 2 (T) 0 54 (.3}
10-73 12 (T) 62 (.2) 164 (.2) 16(.2; z2 (T) 81{(.1) 3U(T) 340 (.7)
10-73  12(.1) 37 (.1) 91 (.2} 7 (T 4 (T) 15 {T) ) 167 (.4)
16-73  10(.1) 28 (.1) 17 (.2} 1 (T) 3(T) 29 (1} 2{T) 190 (.4)
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Appendix A. Continued. Number and volume (in parentheses)of macroinvertebrates collected
in one square foot stream bottom samples for stations on larger streams,

1970-74.
Plecop- Tricop- Ephemer- Dip- Coleop-~ Anne-
Date tera tera optera tera tera tida Otherd Total
West Rosebud River-Station 029

08-70 5 18 127 59 i0 0 0 219
04-71 29(.1) 53 {.3) 180 (.4) 22 {T) 11 (T) 1(T) 44(T) 350 {.
10-71  52(.4) 76{2.0) 167 (.7) 43 (.1) 5 (T) 41 (T} 0 384(3.
10-71 27(.3) 101 (.4) 134 {(.3) 38 (T) 7 (T) 35 {T) 0 342(1.
10-71 43{.2) 57 (.5) 172 (.4) 29 (.1) 6 (T} 51 {T) 0 358(1.
02-72 27(.2) 152(1.1) 117 (.4) 5 {(.1) 2 (T) 7 ({T) 0 310(1.
02-72 25 (T) 59 (.5) 76 (.2) 19 (T} 3 (M) 13 (T} 1{T) 196 .
02-72  24(.4) 82 (.2) 98 {(.5) 20 (.1) 7 (1) 1 (T) 1{T) 233(1.
05-72 18(.5} 192(1.0) 96(1.0) 34 (.1) 10 {T) 77 {T) 1{T) 428{(2.
05-72 21(.3) 82 (.6) 123 (.2) 39 (.2) 13(.1} 52(.1) { 330(1.
05-72 5{.3) 108 (.5) 22 (.3) 22 (.1) 19 {7) 9 (T) 3(T) 188(1.
08-72  20(.5) 94 (.2) 290 (.2} 66 (T) 12 (T} 49 (T) 0 531 {
08-72 1 {T) 9 (T) 57 {T) 21 (T) 11 (T) 42 (1) 3(T} 144 |
08-72 32 (T) 29 (.1) 150 (.1) 46 (T) 21 (T) 164 {7} (T 445 |
0e2-73 12 (T) 22 (T) 80 (.6) 10 (T) 5 (T) 16 (T) 0 145 (
02-73 8 (T) 28 (.4) 51 (.3) 32 (.2) 0 5 (T) 0 124 (.
02-73  21(.3) 18 (.2) 43 (.2) 16 (T) 1 (T} 9 (T) 1T 109 (
05-73 14(.1) 17 (.1) 53 (.1) 64 (.7) 5 (T) 141 (7} 1M 295(1
05-73 6 {T) 15 {.1) 109 {.2) 105 (.1) 5 (T) 74(.1) 0 314 {
05-73  21(.2) 49 {.1) 186 (.3) 82 (.1) 6 (T) 102(.1) 0 446 |
08-73 8 (T) 15 (.2) 131 (.2) 36 (.2) 7(.1) 14 (T) 0 211 ¢
08-73 5 ({T) 23 (.2) 49 (.1) 35 (T} 3(M) & (T) 1(T) i22 {
08-73 10 {T) 32 (.1) 174(1.1) 66 {.1) 3 {T) 14 (T) HT) 300(1
10-73 9 (T) 87 (.8) 118 (.2) 17 (.1) 6 (T} 10 (T) 0 247(1
10-73  34(.3) 58 (.4) 153 (.1) 23 (7T) 5 (T) 5 (T) 0 278 {
10-73 6 (T) 67 {.1) 87 (.1} 51 (.1) 11 (T) & (T3} 0 226 |
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Appendix A. Continued. Number and volume {in parentheses) of macroinvertebrates collected
in one square foot stream bottom samples for stations on larger streams,

1970-74.
Plecop~ Tricop-  Ephemer- Dip- Coleop- Anne-
Date tera tera gptera tera tera 1ida Other® Total
Fishtail Creek-Station 030

10-71 48{.4) 90(1.3) 155 (.5) 5 (T) 1 (7) 104 (1) 49( .2}  452(2.4)
10-71 41(.1) 50 (.1) 96 (.2) 21 (T) g (T) 75 (T) 16(.1) 308 (.5)
10-71 27(.2) 44 (.2) 166 (.2) 8 (T) g (T) 91 (T) 29(.1) 373 (.7)
gz-72  20({.7) 189 (.4) 211 (.5) 18 (T} 3 (T) 18 (T} 16 {T) 475{1.6)
p2-72  12{.1) 250 (.7) 103 (.2) 4(.1} 11(.1) 92(.1) 34(.1) 506(1.4)
g2-72  29(.1) 76 (.2} 96 (.3) 4 (T} 7(.1) 45 {7) 13 (T) 270 (.7}
05-72  18(.1) 203(1.1) 103 {.4) 46(.1) 5 (T) 91(.1) 36{.1) 502(1.9)
05-72 6(.1) 36 (.4) 42 (.2) 23 (T) 1 (T) 31 (T) Q0 139 (.7;
05-72 74T} 50 {.1) 184 (.8) 12 (T) 5 (T) 109{.1) 31(.1)  398(1.1)
08-72 8 {T) 56 {.2) 80 {.2) 36 (T) 4{.1) 8 (T) 17(.1} 209 (.6)
08-72  14(.1) 30 {.1) 49 (.1) 7 {T) 8 (1) 3(T) 15(.1) 126 {.4)
08-72 23 (T) 38 (T) 68 (.1} 39(.7) 5 (T) 30 (T) 50(.1) 253 (.9)
02-73  54(.1) 69 (.2) 359 (.7) 32 (7) g (T) 125 (T) 54(.1) 702(1.1)
02-73 144(.7) 122(1.5) 528(1.2) 97(.1) 12 (T 289 (T) 188(.5) 1380(4.0}
02-73 49(.1) 73 (.5) 269 (.4) 35(.1) 10 (T) 98(.1} 85(.2) 619(1.4)
05-73 3 (T) 36 (.2) 1 (.2) 27 (T) 6 (T) 6 (T) 44{.1) 153 {.5)
05-73  10(.1) 64 (.2) 6 (.1) 60(.1) 24 (T) 11 (T) 43(.1) 248 (.6)
05-73 14 (T) 79 (.3) 54 (.2} 60{.1) 18 (T) 106 (T) 53(.1) 384 (.7}
08-73 27 (T) 34 (.2) 33 (.1) 93 (T) 3 (T) 71 (T) 58{.2) 319 (.5}
08-73  26(.8) 40 (.1) 74 (.3} 47 (T) 5 (T) 223 (T} 33(.1)  448(1.3)
08-73  20(.1) 27 (.2) 38 (.1) 17 {7) 6 (T) 136 (7) 25(.1) 269 (.5)
10-73 54(1.4) 73 (.3) 170 (.2) 25 (7) 11 (T) 261(.1) 49(.1) 643(2.0)
10-73  96(.2} 85 (.4) 169 {.1) 5(.1} 3 (T) 95 {T) 40(.1) 493 {.9)
10-73  77(.2) 47 {.3) 155 (.2) 19 (T) 5 (T) 172(.1) 43(.1} 518 {.9)
02-74 94(.6) 133 (.3) 263 (.6) 60{.1) 5 (T) 277{(.1) 150{.2} 982{1.9)
05-74 4.1) 92 {.2) 57 (1) 4 (T) 14A7) 8 (T) 14 (T) 180 (.4)
05-74  20(.2) 92 (.3) 206 (.5) 0 (T) 5 (T) 31 (T) 40(.1) 404{1.1)
05-74  47(.3) 147 (.5) 39 (.9) 69{.1) 7 (T) 151 (T) 142(.2) 959{2.0)

- 85 -



Appendix A. Continued. Number and volume (in parentheses) of macroinvertebrates collected
in one square foot stream bottom samples for stations on larger streams,

1970-74.
Plecop- Tricop-  Ephemer- Dip- Coleop- Anne-
Date tera tera aptera tera tera lida Other? Total
Fishtail Creek-Station 045

10-71 54 {.6) 120(1.2) 140 (.3) 27 (.3) 11(.1) 94(.1) 2 (T) 448(2.5)
10-71 28 (.1) 11i(1.1) 139 {.2) 78 (.1} 15 (T) 146(.1) 1 (T) 518(1.6)
10-71 41 (.8) 102(1.1) 111 (.2) 23 (.1} 10 (T) 88 (T) 0 375(2.2)
02-72 35 (.5) 233 (.5) 222 (.6) 80 (.1) 15(.1) 97{.1) 0 682(1.9)
ge-72 33 (.3) 215 (.4) 172 (.5) 21 (T) 8(.1) a6 (T) 0 495(1.3)
0z-72 6 (.1) 34 (.2) 62 (.2} 9 (.1) 6 (T} 16 (T) 0 133 (.6)
05-72 11 (.4) 58 (.3) 61 {.4) 40 (.1) 19(.1; 24 (T) 3 (T) 216{1.3)
05-72 6 (.1) 118 (.5) 47 (.2} 28 (.1) 15 (T) 39 (T) 3(T) 256 (.9)
05-72 5 (.1) 45 (.1) 57 (.4) 34 (.2) 17.(T) 19 (T) 3(T) 180 (.8)
08-72 16 (.3) 14 (.1} 191 (.5) 24 (.3) 19 (7) 16 (T) 4 (T) 284(1.2)
08-72 22 {.5) 31 (.4) 161(1.2) 22 (.1)  17(.1) 17 (T) 5 (T) 275(2.3)
08-72 6 (.2) 6 (T) 39 (.5) 26 (.1) 3 (T) 16 (1) 4 (T} 100 (.8)
02-73 75 (.2) 109(1.0) 328 {.5) 91 (.1) 9 (T} 28 (T) 0 640(1.8}
02-73 34(1.7) 144 (.6} 229 {.3) 29 (T) 22 (T} 20 (T) 1 (T) 479(2.6}
02-73 108 (.4) 130 {.8) 623(1.2) 63 (.2) 12 (T) 83 (T) 1 {T) 1020(2.56)
05-73 23 (.1} 100 (.3) 257 (.5) 100(1.4) 13 (T) 29 (1) 3{(T) 525(2.3)
05-73 5 {.3) 67 (.1) 60 (.2) 40 (.2) 7 {T) 23 (1) 6 (T) 208 (.8}
05-73 12 (T) 53 (.1) 66 (.2) 32 {.9) 4 (T) 28 (T) 0 195(1.2)
08-73 26 (.3) 26 (.2) 180(2.5) 74 (.2) 4 (7} 99(.1) 22(.1) 431(3.4)
08-73 9 (.2) 9 (.1} 147 (.4) 17 (.1) 5 (T} 37 {T) 5 (T} 229 (.8)
08-73 12 (1) 32 (.4) 264 (.7) 33 (.1)  10(.1) 14 (T) 2 (1) 367(1.3)
10-73 52 (.4) 185(1.1) 247 (.1) 36 (.2) 29 (T) 68 (T) 4 (T) 621(1.8)
10-73 15 (.1) 68 (.3) 98 (.1) 8 {.6) 4 (T) 17 (T) 0 210(1.1)
10-73 51 (.3) 100{1.1) 201 (.2) 28 {.2) 36(.1) 2 (T} 2 (T) 420(1.9)
05-74 2 (T) 39 (.7) 120 (.4) 12 (.1) 7 (1) 7 (T) 2 (T) 189(1.2}
06-74 4 (.5) 67 (.5) 103 (.2) 7 (T) 3 (T} 11 (T) 1 (T} 196(1.2)
05-74 7 (T} 60 {(.6) 119 (.3) 41 (.1) 6 (T) 6 (T) 0 239(1.0)
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Appendix A. Continued. Number and volume (in parentheses) of macroinvertebrates collected
in one square foot stream bottom samples for stations on larger
streams, 1970-74.

Plecop- Tricop- Ephemer- Dip- Coleop~ Anne-
Date tera tera optera tera tera lida Other? T
Little Rocky Creek-Station 031
10-71 346 (T} 4 (1) 71 (.1} 72(1.1) 12 (T} 3(T) 0 196(1
10-71 14 (7) 1 (T} 19 (.1} 20(2.1) 7 (T} 2(T) 0 63(2
10-71 38 {.1) 15 (.1) 85 {.1) 59(1.3) 11(.1} 2(7) O 210(1
2-72 17 {.3) 51 (T) 119 (.3) 322(1.9) 40 (T) 1T 52(.1) 602(2
2-72 26 {T) 78 (.1} 126 (.2) 424(3.5) 103{.1) 0 26 (T) 783(3
2-72 g {T) 78 (.1) 113 (.2) 826 (.4) 80 (T) 0 31 (T) 1140 ¢
5-72 1 {n) 67 (.4) 92 (.5) 247(4.3) 22(.1) 1{T) 16 (T} 446(5
5-72 5 (.1) 103 {.3) 60 (.1) 164 {.5) 12 (T) 2{T) 14(.1) 360(1
5-72 5 (.1) 65 (.3) 117 (.7) 170(1.5) 7 (T) 6{T) 18(.1) 388(2
8-72 14 (T} 56 (.6) 218 (.5) 15 (.1) 24 (T) 0 12(.1) 339(1
8-72 8 (T) 46 {.4) 89 (.4) g {T) 2 (T) 0 1 (T) 155 {
8-72 17 (1) 28 (.2) 157 {.2) 20 (T) 19(.1) 0 5 (1) 246
2-73 28 (.4) 101 (.6) 113 {.5) 171 {.4)  48(.1) 0 40(.1) 501(2
2-73 16 (.1} 93 (.5) 51 (.3} 172{(1.0) 65(.1) 6(T) 28 (1) 431(2
2-73 44 (.1} 62 (.1) 148 (.2) 432(2.3) 46 (T) 0 31 (T) 763(2
5-73 8 (T) 44 (.2) 136 {.7) 50 (.2) 27 (T) 0 24 (T) 283(1
5-73 & (T) 101 (.5) 137 (.3) 77(2.8) 18 (T) 0 14 (7} 351(3
5-73 4 (T} 81 (.5} 71 (.4) 130 (.5} 37 (T) 0 15 (T) 338(1
7-73 20 (1) 78 (.3) 153 (.5) a4 {.1) 32 (T) 0 a (1) 331 (
7-73 4 (T} 21 (.2} 62 (.1) 15 (T) 13 (T} 0 8 (T) 123 {
7-73 7 (1) 30 (.2) 196 (.2} 74 (.1) 45 (T) 0 12(.1) 364 ¢
10-73 21 (T) 157 (.8) 86 (.2) 168 (.3) 148(.1) 6(T) 18(.1; 604(1
10-73 67 (.8) 129 (.2) 52 (.1) 85 (.1}  41(.1) 3(T) 11 (T) 388(1
10-73 54 {.1} 233 (.6} 132 (.1) 176 (.7) 83(.1) 2{T) 20 (T) 700(1
2-74 17 {.1) 108 (.4) 75 (.3) 106 (.4) 18 (T} 0 9 (7} 333{1
2-74 25 (.3) 77 (.4) 76 (.1) 55 (.1) 5 {T) 0 4 (T} 242 (
2-74 5 (T) 63 (.2) 22 (.2) 121 (.2) 14 (T) 0 & (T) 231 {
5-74 2 {T) 77 (.5) 331 (.5) 57 (.1} 6 (T) 2{T) 4 {T) 479(1
5-74 6 (.1) 85 (.5) 209 (.4) 45 (.1) 9 (T) D 9 {T) 368(1
5-74 15 {.2) a6 (.2) 314 (.56) 57(1.3) 13 {T) 0 6 (T) 451(2
Stillwater River-Station 006d
8-70 11 4 145 41 2 0 0 203
4-71 97 {.4) 83 (.3) 300 (.1) 65 (T} 0 0 0 540 (
10-71 30 (.3) 52 (.6) 254 (.3) 63 (.2) 0 D 0 400{ 1
10-71 10 (.1} 2 (.4) 135 (.3) 8 {.4) 0 4(T) 0 189{1
10-71 19 (.1} 12 (.3) 71 (.2) 5 (.1) 0 0 0 107 {
2-72 126 {.3) 51 (.9) 409 (.9) 105 {.1) 1 {T} 23(T) 1 (T} 716(2.
2-72 28 (1) 26 (.2} 339 (.8) 41 (.1) 0 2(T) 1 (7T) 438{1
2-72 100 (.6) 39 (.4) 456 (.8) 45 {T) 0 7(T) 1(7) 648{1
5-72 41 (.7) 5 {T) 152 (.2) 29 (.2} 0 Z2{7) 0 229{1
5-72 17 (.2) 0 84 (.3) 13 {T) 0 27(T) 0 141 |
5-72 14 (.1} 1 {T) 98 (.2) 6 (1) 0 6(T) 0 125

d-Stillwater River - Station 005 follows West Boulder River - Station 041.
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les for stations on larger

Number and volume (in parentheses) of macroinvertebrates collected

in one square foot stream bottom samp

streams, 1970-74.

Appendix A. Continued.
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les for stations on larger

Number and volume {in parentheses) of macroinvertebrates collected

in one square foot stream bottom samp

Appendix A. Continued.
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Appendix A Continued. Number and volume (in parentheses) of macroinvertebrates collected
in one square foot stream bottom samples for stations on targer
streams, 1970-74.

Plecop- Tricop- Ephemer- Dip- Coleop- Anne-
Date tera tera optera tera tera lida Otherd Total

Stiliwater River - Station 034

08-70 41 159 30 7

21 0 0
04-77 45(.3) 198(.7) 577(1.0) 48(.2) 10(T) 0 8] 878(2.2)
10-71 41(.6) 51(.2) 112(.8) 121(.4) 13(T) 0 4] 338(1.8)
10-71 47(1.6)  425{2.1) 191(.5) 46(.3) 9(T) 67{7) 0 785(4.5)
10-71 36(1.5) 197(3.3} 151(.7) 101( .4} 19(T) 0 9(T) 513(5.9)
Q2-7¢2 156(.6) 216(.6) 320(1.3)  228(.7) 7(T) 84(T) 16(.1) 1027(3.3)
02-72 66(.6) 168(.7) 210(.3) 142(.5 6(T) 22(T) 0 614(2.1)
02-72 112(.7) 276{1.0) 238(.6) 167(.4) 10(.1) 98(T) 4(T) 905{2.8)
05-72 15(.1) 2(T) 188(1.2} a(T) 0 2(T) 0 211{1.3)
05-72 12(T) H{T) 345(1.7)  135(.1) 1(T) 7(T) 0 501(1.8)
05-72 16{.1) 3(T) 108(.3) 20(.1) HT) 10{7) 0 158(.5)
08-72 61(.2) 103(.2) 348(.5) 75(.3) 10(T) 32(T) 4{T) 634(1.2)
08-72 43(.1) 45(.1) 293(.3) 74(.3) 7(T) 33(T) 2(T) 497(.8)
08-72 21(.7) 34(.2) 112(.2) 22(T) 5(T) 0 0 194(.5)
02-73 185(1.5)  234(1.9) 325(1.6) 163(1.3) 3(T) 167(T) 1{T) 1081(6.3}
02-73 28(.7) 95(.7) 169{.8) 108(.3) 1H{T) 68(T) A(TY 483(2.5)
02-73 26(1.5) 56(.3) 171(1.1) 69{.5) 5(T) 57(7) 2(T) 386(3.4)
05-73 51(.4) 156(.5) 465{1.7) 305{.7) 9(T) 0 2(T) 988{3.3)
05-73 28(.5) 45(.3) 482(.5) 339(1.3)  43(.1) 32(T) 0 969(2.7)
05-73 60(1.8) 171(1.2)  258(.4) 336(.9) 33(T) 0 14(T) 872(4.3)
08-73 66(.2) 37(.1) 199(.4) 60(.3) 16(T) 109(T) 9(T) 496(1.0)
08-73 17(T) 28(.1) 95(.2) 95( .3} 11(T) 10(T) 8(T) 264{.6)
08-73 58(.1} 38(.1} 257(.4) 58(.2) 24(7T} 23(T) 2(T) 450(.8}
16-73 43(.1) 84(.3) 110(.2) 46(.3) HT) 6(T) HT) 291(.9)
10-73 47(1.6)  330{2.4) 133(.3) 95(.4) 3(T) 8(T) &(T) 620(4.7)
10-73 86(.2) 255{1“23 163(.4) 98{.5) 13(T) 83(T}) 13(7) 722{(2.3)
02-74 64(.5) 213{(1.0 167(.6) 54{.8) 5(T) 39(T) 5(7) 547(2.9)
02-74 64(.7) 62(.1) 329(.6) 98(.2) 10(T) 56(T) 7(T) 626(1.6)
02-74 73(.4) 182(.9) 221(1.7) 60(.3) A(T) 31(T) 16(7) 587{(2.7}
05-74 68(.6) 293{1.1) 482(.8) 197{1.2} 48(T) 119(T) 25(.1) 1232(3.8)
05-74 49(1.3) 126(.5) 470{.8) 105(. 3} 16(T} 128(.1)} 26(.1) 920(3.1)
(05-74 16{.2) 111(.4) 304(.5) 40(.3) 7(T) 11({T) 3(T) 492(1.4)
Stillwater River - Station 035

08-70 29 74 64 324 1 2 0 464
10-71 41(.4) 524(8.8) 156{.2) 28(T) 19(T) 0 28(T) 797(9.4)
10-71 39(.2) 533(9.1) 109{.5) 42(.3) 24{T) 0 20(T) 767(10.1
10-71 32(.1) 242(3.1) 205(.4) 60(.6) 14(T) 0 30(T) 583{4.2)
02-72 51(.5) 190(1.3) 119(.8) 13(.2) 17(T) 18(T) HT) 409(2.8)
02-72 22(.4) 82(.7) 112(.3) 10(7T) 5(T) 9(T) 0 240(7.4)
02-72 26(.7) 248(1.7)  162(.2) 31(.5) 19(.1) 41(T) 2{T) 529(2.7)
05-72 3.1 3(T) 9(.1) 30(.1) 0 1{T) 0 46(.3)
05-72 2{T} 0 4(.1) 35(.1) 0 7(T) 0 48(.2)
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Appendix A Continued. HNumber and volume {in parentheses) of macroinvertebrates collected
in one square foot stream bottom samples for stations on Targer

streams, 1970-74.

Plecop~ Tricop- Ephemer-  Dip-
Date tera tera optera tera

Stillwater River - Station

035 continued

1074
1233
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05-72 7(T) 28(.2) 106( 7) 258{1.1)
08-72 7{(T} 80(.3) 50(.2) 137(.1)
08~72 5(T) 174(1.2} 41{.2) 136(.1)
08-72 5(T) 38(.1) 81{.3) 110(.1)
02-73 42(.7) 338(2.8) 328(.5) 117(.6)
02-73 26(.6) 345(3.8) 500(.8) 165(.5)
02-73 66(1.5) 499(5.7) 421(.7} 156(1.0)
05-73 21(.6) 94(1.1) 184(.5) 190(.2)
05-73 14(7) 20(.1) 110(.4) 90(. 1)
(0h-73 16(.7) 35(.2) 149(.6) 96(1.8)
08-73 14(.1) 21(.1} 96(.1) 559(.8)
08-73 11(.1) 38(.3) 103(.2) 213(.4)
08-73 9(T) 34(.1) 105(.3) 326(.4)
10-73 57(.4} 491(5.6) 112(.2) 50(.5)
i0-73 58(.1} 214(1.0)  141(.3) 19(.2)
10-73 61(.4) 220(1.3) 160(.5) 55(.5)
02-74 28(.3) 281(2.4) 212(.9) 37(.1}
02-74 44(.5) 442(4.4) 175(.3) 58(.2)
02-74 54(.2) 137(.4) 221(1.4) 34(17.0)
05-74 57(.7) 320(1.4) 386(1. 6) 75(.1
05-74 7(.1) 241(1.1)  195(.6) 55(.9
05-74 11(.2) 208(1.4) 151(.6) 63(.1)
West Fork Stiliwater River - Station 037
08-70 15 18 208 20
10-71 53(.1} 47(.1) 94(.4) 3(T)
10-71 65(T) 35(.2) ?3?( 4) 3(T)
16-71 43(T) 28(.1) 74(.2) 7{.4)
05-72 1(T) 6(T) 6{.1) 1H{T)
05~72 4(T) 3(T) 7(.1) a(T)
05-72 9(T) 11(.1) 48{.2) 19(.1)
08~72 24(T) 12(T) 66( 3) 5(.1)
(08-72 21T} 6{(T) 45(.2) 11(T)
08-72 13(T) 6(T) 71(.2) 4(.1)
05-73 11(.1) 23(.2} 86(.5) 4(T)
06-73 22(7) 36(.4) 215(1.4) 13(T)
05-73 16{T) 29(.4) 161(1.2) 3(.1)

c-Snail - no volume taken.
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collected
targer

Number and volume (in parentheses) of macroigvertgbraies
in one sguare foot stream bottom sampies for stations on

streams, 1970-74.

Appendix A Continued.
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Number and volume {in parentheses) of macroinvertebrates coliected
in one square foot stream bottom samples for stations on larger
streams, 1570-74.

Appendix A Continued.

Plecop- Tricop- Ephemer-  Dip- Coleop- Anne-
Date tera tera . optera tera tera 1ida Otherd Total
West Fork Stillwater River - Station 036
08-70 26 27 207 16 3 18 1 298
10-71 85(.4) 17(.3) 182(1.1) 80(.2) 8(T} 0 34(7) 406(2.0)
10-71 26(.1) 58(.5) 93(.6) 13(T) 9(T} 0 24(7) 223(1.2)
10-71 40{.3) 26{.4} 136{1.1} 82(.3) 5(T) 0 8(T) 267(2.1)
02-72 153(.5) 23(.1} 348(1.6) 180(.3) 8(T) 242(.1) HT) 955(2.6)
02-72 161(.7) 38(.6) 441(2.4) 80{.6) 13(T) 187(.1; 3(7) 923{4.4)
02-72 83{.2) 39(.3) 136(.6) 31(.1) a(.1) 52(T) 1{T) 351(1.3)
05-72 17(.5) 0 83{.4) 11(7T) 3(T) 10(T) 2(7) 131(.9)
05-72 22(.1) 2(T) 68(.5) 37(.1) 1{T) 7(T} 0 137(.7)
05-72 12(.5) 3(.1) 28(.7) 0 0 0 0 43{1.3)
08-72 27(7} 7(.1) 79(.3) 32{7) 4(T) 109(T) 8(T) 266(.4}
08-72 29(.1) 5(.3)} 124(.1) 25(.2) 6(T) 1TH(T) i{T) 201{.7}
08-72 58(.3) 29{.5) 151(.4) 29(T) 4{T} 66(T} 2{T) 339(1.2)
02-73 227(1.6) 47(.6) 419{2.1)  134{.3) 5(T) 142(T) HT) 975(4.6)
02-73 89(.5) 27(.2) 324(2.5) 56{1.3) 9{T) 190(.1) 3{T) 698(4.6)
02-73 36(.1) 33(.1) 121(.8) 32(.3) 2{T) 63(T) 5(T) 292{1.3)
05-73 40(.1) 88(.5) 221(.9} 66{.3) 7(.1) 57{7T) 3(T) 482{1.9)
05-73 39(.1} 20(.1) 185(.8) 48(.1) 10(T) 68(T) 4(T} 374(1.1)
05-73 39(.5) 71(.1) 426(1.5) 91(.5) 8(T} 187(T) 1T 823(2.6)
07-73 29(.1) 27(.3} 182{.5) 37(.4} 8(T} 47(7) 6{T} 336(1.3)
07-73 86{.6) 49(.3) 561(2.6) 151(.2} 8(T) 134(.1) 6(7T) 995(3.8)
07-73 28{.1) 24(.4) 213(1.8)  119(.3) 5(T) 22(T) 10(T) 421(2.6)
10-73 111(.2) 65{(.1) 378(.5) 13(.7) 9(T, 81(.1) 3(T} 660(1.6)
10-73 67(.1) 52(.1) 218(.3) 11(.1} 15(T) 31(T) 7{T) 407(.6)
10-73 100(.3) 60(.2) 228(.3) 16(.6) 10(T) 49(T) 1(T) 464(1.4)
02-74 239(2.2} 67(.4) 317(1.5) 114(1.2) 9{T) 308(.2) 5(T) 1059(5.5)
02-74 37(.2) 15(.1} 141(.8) 47{.3) a{T) 113(.1} HT) 358(1.5)
02-74 62(.2) 66(.2) 286(1.1) 26(.4) 5(T) 129(.7) 3{T) 583(2.0)
05-74 19(.1) 28(.2) 234(.7) 39(.1) HT) 15(T) 1(T) 337(1.1)
05-74 30(.3) 49(.1} 238(.4) 114(.4) (T} 42(71) 9{T) 497(1.2)
05-74 49(.2) 72(.2) 196(.8) 39(T) (T 17(7T) 4(T} 372{1.2}
Fast Boulder River - Station 038
08-72 15(.1) 14(T) 12(7) 15{.5) 15(T} 1(T} 2(7T) 74(.6)
08-72 40(.1) 6(T) 53{.2) 12(7) 10(T) 3(T) 1(T} 125(.3)
08-72 38(.1) 20(.1) 28(.2) 9(.2) 19(71) 0 3(T) 117(.6)
G67-73 23(.1) 4(.1) 65(.2) 43(.1} 10(T} 0 2{T) 147(.5}
07-73 25(.1) 2(T) 88(.3) 18(7) 28(.1) 0 3(T) 164(.5)
07-73 30(.1) 5(T) 44(.2} 56(T) 26(.1) § 2(T) 163(.4)
09-73 18(.1) 9{.1} 62{(.2) 14(.3) 31{T) 15(T) (T 153{.7)
09-73 28(.2) 4(T) 72(.1} 26{T} 217 21(T) 0 172(.3)
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Fast Boulder River - Station 038 continued

Number and volume (in parentheses) of macroinvertebrates collected

in one square foot stream bottom samples for stations on larger

streams, 1970-74.
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Appendix A Continued. Number and volume (in parentheses) of macroinvertebrates collected
in one sguare foot stream bottom sampies for stations on larger
streams, 1970-74.

Plecop- Tricop- Ephemer-  Dip- Coleopn- Anne-
Date tera tera optera tera tera 1ida Other? Total

Boyider River - Station 011 continued

(38-72 28(.8) 12(T) 113(.3) 6(T) 0 3(T) 4(T) 166{1.1)
08-72 15(T) 48(.2) 126(.6} 12(.5) 0 0 T 202(1.3)
08-72 30(1.0) 78(.4) 190(.5) 13(T) 2(T) 6(T) 5(T) 324{(1.9)
02-73 11{.2) 47(.5} 230{.8) 2(T) 0 4(T) HT) 295{1.5)
02-73 10(.1) 43{.4) 310(1.5} 34T G 15(T} 2(T) 383{2.0)
(G2-73 56(.2) 93(.3) 237(1.0) 10{T} T 5(T) 3T} 406(1.5)
06-73 33(.1) 42(.4) 7201.1) 13(.2) 0 10(T) 0 174(1.8)
05-73 17(7) 29(.2} 68{.9) 12001 G 50(T) 3(T) 179{1.2)
05-73 39(.5) 33(.6) 8g{1.3} 11(T) 0 12{7T} 3(T) 187{2.4}
G7-73 50(.1) 12(T) 364(1.2) 41(.1) 0 18(T) 8(.1) £93{1.5}
07-73 4{T) 5(T) 98{.3) 15(.2) 0 59(T) 0 181(.5)
07-73 29(T) 37(.3) 126{1.1) 5(.1) 0 42(7) 6{(T) 245(1.5)
i0-73 17(.4) 52(.1) 136(.3} 3{T) 0 12(T} 0 220{.8)
10-73 98(.1) 129(.7) 273(.4) 7(.1) 2{T) 107(T) 11T} 627{1.3)
10-73 43{.1) 23(.1} 245(.6) 10{.1) HT) 24{T} 8(T) 354(.9)
(05-74 21(.2} 13(.2) 84{.8} 12(.7) 0 HT) 20(.1) 151{2.0)
05-74 51(.3) 2(T) 122(.7) 6{.1) 0 G 33(.1) 214{1.2)
05-74 25(.2) 0 70(.9) 2(T) 0 0 5(T} 102{1.1)
Boulder River - Station 050
10~70 35 28 138 5 3 13 G 222
04-71 48(.1) 76(1.0) 118{.3) 31(T) 0 0 a 273(1.4)
10-71 154{.2} 94(.4) 153(.6) 4{T) 2(T) 62{.1) 0 469{1.3)
10-71 77(.2) 66(.3) 130(.5) 4(.1} 1{T) 69(T) 0 387(1.1)
10-71 169(.2) 141{1.1) 255{1.0) 13(.1) 0 24(T) 0 602(2.4)
Boulder River - Station 016

16-70 40 29 99 4 5 21 o 198
04-71 38(.2) 14(.1) 93(.8) 7(T) 0 0 74{T} 226{1.1}
10-71 116(.3) 62(.4) 172{(.6} a{.1) 0 3(T} 3(T) 365(1.4)
10-71 50(.1) 55(.3) 121(.4} 11(.2) { 4(T) 0 247(1.0}
10-73 109{.3) 86(.5) 150{.4) 7(.2) (1) 37(T) 0 350(7.4)
02-72 70(.4; 25(.1) 117(.7} 13(7) 4(T} 69(.1) HT) 299(1.3}
ge-72 73(.6} 12(.2) 136(.9} 9(.1) 2(7) 61(.1) O 293(1.9)
02-72 17(.1) 2{T) 44{.4) 3HT) 2{T) 10(7T) ¥ 78(.5)
05-72 8{.3} HT) 10(T} 3(T) 4] 0 0 22(.3)
0572 19{1.0) 5(T} A0(.2) 22{7T) 0 G G 86{1.2)
05-72 21(.3) & 39(.2) 16(T) 0 0 G 76(.5)
08-72 12(T) 23(.2) 58(.2) 15(.1) T T 0 110(.5)
08-72 9(T) 40(.3) 118{.2} 11(T) 6(T) z2(T) HT) 187(.5)
08-72 30(.1) 74( .4} 137(.4) 19(.1) 2{T) 42(T) e 305(1.0}
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Appendix A Continued. Number and volume {(in parentheses) of macroinvertebrates collected
in one square foot stream bottom sampies for stations on larger
streams, 1970-74.

Plecop- Tricop- Ephemer-  Dip- Coleon- Anne-
Date tera tera optera tera tera 1ida Other? Total

East Boulder River - Station 009

10-70 a8 162 152 261 4 0 it 677
04-71 82(.1) 217(2.0)  585(1.0) 750(.9} 10(T) y 10(T) 1694(4.9
10-71 44(1.1) 279(3.2) 142(1.8)  124(1.7) 4(T) 0 51(T) 644(7.8
10-71 64{.7) 307(4.1)  146(1.4)  138(.5) 4(T) 0 23(T) 6a2(6.7
10-71 76(1.3)  385{5.4) 142{1.0) 236(1.5) 2{T) 0 49{(T) 890(g.2
02-72 226(.6) 353{2.5) 599(.8) 1077(.8) 5(T) 166(T} 4(T) 2430{4.7
02-72 207(2.5) 104(.4) 320(.4) 1176(.8) 10(T) 269(T) 3(T) 2089(4.1
a2-72 70(.2) 184(.9) 194(.2) 337(.5) 4(T) 102(T) 2(7; 893{1.7
05-72 8(.2) 13(.1) 39(.2) 63(2.2) HT) AN(T) 6{T) 171(2.7
05-72 10(.1) 54(.4) 200(.8) 193(1.8) 6(T) 74(T) 9{T} 546(3.1
05-72 7(.1) 34(.7) 169(1.1)  260(2.7) 3(7T) 8(T} 7(T} 488(3.4
08-72 98(.3) 35(.4) 311(.6) 165(.2) 5(T) 17(T) 5(T) 636(1.5
08-72 154(.5) 14{.1) 224(.6) 135(.7) 10(T) 8(T) 10(.1) 555(2.0
08-72 34(.1) 41(.4) 84(.2} 122(.2) 2(T} 23(T) H{T) 307(.9)
02-73 42(1.8) 508{1.8) 145(.3) 161(1.3)  39(T) 18(T) 4T} 917(5.2
02-73 268(2.3)  261(1.8) 104(.4) 762(2.4)  31(T) 0 2(T) 1428(6.9
02-73 170(1.9) 266(1.1) 69{.2) 963(2.9) 47(.1) 0 2(T) 1517(6.2
05-73 68{1.1) 160(1.6) 255(1.3) 579(.6) HTY 357(T) 9(T) 1429(4.6
05-73 57(1.2) 375(2.1) 163(.4} 353(2.2) 34(T) 0 8(T) 490(5.9
05-73 38(.2) 555(2.9)  251(1.3) 290(1.7) 44(.1) 268(.1) 23(T) 1469(6.3
07-73 46(.1) 14(.1) 342(.7} 180(.4) 7{T) 18(T) 4(T) 611(1.3
07-73 72(.3} 55(.2) 308(1.0) 70(.7) 9(T} 18(.1) 3(T) 535(2.3
07-73 27(T) 25(.2) 225(.5) 66(.4) 6(T) 38(7) 14(T) 401(1.1
10-73 173(.6) 211(.4) 216(.7) 170(3.2)  10{T) 107(.1} 24(T) 2442(5.0
10-73 100(.4) 753(3.5) 66(.2) 128(.9) 21(T) 0 8(T) 1076(5.0
10-73 168(.7) 496(2.1)  121(.3) 858(1.8) 3(T) 22(T} 5(T) 1673{(4.9
02-74 33(.8) 403(1.4) 108(.1) 266{1.1) 25(7) 17(7) 2(T) 854(3.4
02-74 117(2.4)  773(4.3) 197(.4) 551(1.6)  23(T) 34(T) a(T) 1699(8.7
02-74 324(1.3) 2025(9.3) 621(.8) 1585(3.5) 195(.1) 156(.1) 64(T} 4970(15.
05-74 23(.2) 586(71.9)  448(1.1) 323(1.2) 21(T) 962T) 35(.1) ESSZéQ,S
05-74 28(.3)  1137(3.7) 752(1.1) 506(2.2)  31(T) 88(T) 29(.1) 25717 .4
05-74 33(.6) 873(5.5) 607(1.6) 363(3.2) 24(T) 23(T} (.1 1934(11
Boulder River - Station 011

10-70 31 &7 103 16 0 33 0 250
04-71 127(1.2) 29(.4) 131(1.4) 34(T) 4 ¥ 37(T} 358(3.0)
16-71 51(.1) 18(.2) 39(.1) 6(T) 0 0 5(T) 120(.4)
10-71 75(.2) 33(.7) 292(.9} 2(.4) 0 4] 34(T) 436(2.2
10-71 19(.1) 18(.7) 101(.4) 0 0 0 8(T} 146{1.2
05-72 22(.5) 4(.1) 29{(.1) 66(.4) 0 HT) 2(T) 124(1.1
05-72 16(.7) 0 11{T) 61(T) 0 0 0 88(.7)
05-72 20(.1) HT) 12(.1) 2(T) 8 0 0 35(.2)
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Roulder River - Station 010 continued

Number and volume (in parentheses) of macroinvertebrates collected
in one square foot stream bottom samples for stations on larger

streams, 19270-74.
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) of macroinvertebrates coliected

targer

in one square foot stream bottom samples for stations on

Number and volume (in parentheses
streams, 1970-74.
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Boulder River - Station 039 continued

S T b Ty i g, o

S g Myt S N S Vo S e

i oy 7 T r—" .

wfe g

T, it o, i, s, AT A, i i e,

i W e

e St S S v it N W Nt Mo

oy i i, o P T iy T, T A

ssssssssss

B o i

| T T -
e et S Nt P e S N P St
OO e O b OO0 OY
r= O AD O OGO WD OO e
= o O O
e
— ——— =t AT
N I e e e + VY N

e St e Mgt S S it it b S

Boulder River - Station D40

—— o o~ e e o iy Vi o, i, T, T o~ —

R i e I e o el e ==

el ot el e and et o N M s St Mg gt s St Memprr ™ Mo S

N O O r D= O P OO e QOO NOOMOODN
[l

AT ey Ny —— e
P S s B e Ty i i g, e, P N [ iy T o b o, e, e, g ity T I T, (T T
B N T e e e e e e e e e R L

et S St st S int Sy e S Mo e S S it e S s Siro S N st Wt Wit S s Mt S Mo o g

T
T

nU?VOJ»UCUE4984858@661259142829319&
e e O8N O LOY 0 o IO O PM~00 0 WO (U~ o N O O e WD N
=t 00 — - — —

i g i e, i, i o i, A, A, T, A, i, P, i, e o T o, I T,y T T T, A

e e T St S S et St e P Mo P i b e g gt Ml ot e o ettt St St S sl Sil? St S it

MmO M =~ OO TR M MO0 OO QMM
(Y] RO e Ml F O T G O OO Qe 2t <E N NDMO
- o O e O ) (7Y e O Ll e
i i —~— e Taam s
i ey o P T iy T, o e, e, i i, [Py (T e T T e i, e e, e g, ey (0

O e O eI N I M O D SO LD LD e~ O e O O s Y O
PR e T T T T T T R o I B [ R o
fl..\\al(l\{{((((({((!\((((({{((({{\(fll\({fl\
1@111867}82438957356636024159%8
N OO WO o o s (O LD WD W O 00 WO 00 s M W sk O P DO 0N D P T
= e WO AL o O e e e O O e O YD b e O ISV S e Ree)

Fasid

s gt ——— —— —— P ——
N i T o S e Lamn Pt T % & N R AN I Fan S L A A B L

O e e T Sl Vo N a Wl SN I N o By wp LEY poem OF) prom e 2 (G2 CD 0 e O RO
.............. [ I e L] v e 0N od
e St e e e s S i S et e et Sy P Nt et s S e o et S s et S S S St e St
2482505028?460?98??2}690868508
043879511433502451032264866~02ﬂ.3
[l OO OO 0 e WD ok O Y prm e OF) LY QN e W

—— —— — . ——

o s g, ot i, o, e LY o O3 e o e LET) o A P — (] e —
N o S O e T P an] . B g N e e e T e B O B

[l el . . = o Od g e e v w e =~ fom e e .
f\(ln\fr\ll\ft\.!\rl\(fl\{(({\{!\{((f{\({f\\(((((({
o D o o 0D ) e 10 (0 oF P R IS WD O P O D 00 00 N P O O OO P 09 00
g O 0D P~ w0 O LY D e O D o ) e WO <+ o — O\ =t r— 0O

o

1511:13‘222222222333333333333&.44444
7?????7?7{?7]777{77??77?777{7??7}?7
£ 011 1 [ I N N i EoFor 1 8t 01l [ I R L | | HE N
9002225558882225557{??90@223555
«ln.ll.l...ﬂuOﬂUﬂUOOOOGOOOOGOOOOIIEOQSOOO

- 08 -



Total

larger

Other?

Anne-
lida

) of macroinvertebrates collected
in one square foot stream bottom samples for stations on

streams, 1970-74.

tera

Coleop-

Dip-
tera

Ephemer-

optera
West Boulder River - Station 041

Number and volume (in parentheses

Tricop-
tera

Plecop~
tera

Appendix A Continued.
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Appendix A Continued. Number and volume (in parentheses) of macroinvertebrates collected
in one square foot stream bottom samples for stations oOn targer
streams, 1970-74.

Piecop- Tricop- Ephemer-  Dip- Coteop- Anne-
Date tera tera optera tera tera lida Other? Total

Stillwater River - Station 005 continued

02-73 19(.3) 2(T) 360(.5) 8(T) 1(7) 0 1T 391(.8)
02-73 30(.1) 5(T} 403(.4) 11(.73 2(T) 0 0 451(.6}
02-73 47{(.2) 26(.3) 366(.7) 29(T) 0 0 3(T) 471{(1.2)
05-73 4(T) 5(T) 33(.1) 10(.1) 0 0 0 52(.2)
05-73 7(.7) 2(T) 114(.8) 68(T) 2(T) 0 1{T) 194(.9)
05-73 7{T) 2(T) 72(.4) 23(.2) 3(T) 0 0 107(.6)
07-73 9(.1) 12(.1) 61(.2) 21(.2) 5(T) 0 3{T) 111(.6)
07-73 11(T) 7(.1) 38(.1) 25(T} 4{T) 0 g 85{.2}
07-73 26{T) 5(7) 31(.1) 54{.1) 4(T) 0 E 120(.2)
10-73 51(.4) 48(.4) 94(.2) 852(1.6) G 0 21(.1) 1066{2.7)
10-73 61(.2} 46(.5) 141(.1) 26(.1) 2(T} 0 2{T) 288(.9)
0z-74 38(.4) 28(.3) 158(.2) 15(.1) 0 T 2{T) 242(1.0)
0z2-74 61(.7) 36(.3) 579(1.1) 49(.1) 0 5(T} 3(T} 733(2.2)
gz-74 19(T) 14(T) 213(.5) 38(.1) 1(T) o T} 286(.6)
05-74  114(.2) 13(.1) 270(.3) 162(.1) 6(T} 64(T) 12(7T) 644(.7)
05-74 16(.3) 7(.2) 136(.6) 22(.1) 0 0 6(T) 188(1.2)
05-74 0 3{T) 48(.2) 11{T) 2(T) 0 0 64(.2)
10-73 86(.2) 0 132(.1) 37(.1) 3(T} 0 HT) 259(.4}
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